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•INTRODUCTION ' . ^ 

. ■ ♦ -* ' 

This final, unit of the MINNEMAST K - Grade 3 curriculum 
applies the systems- concept to the study of three natural 
phprtbmena . . . ^ • 

*d * 

I) The children study the locomotion systems of land, water 
' and air-borne animals, 

' 2) They explore a plant's water carrying system and test vari- 
ous plant parts to see what role they play in the system, 

3) They experiment with a model of an erosion system and . 
investigate the interrelationships of soil type, ground slope 
and water flow, ^^hey vary each of these conditions: and ob- ^ 
serve the effects .\ • ' ^ 

Different techniques *^re Required for the study of each system. 
When the children work with plants they can plan controlled 
experiments. When they work with animals tHeir activities are 
mostly observation and analysis. They observe the erosion 
system inlnature, and then build a model in the classroom v^ith 
which they can experiment. The systems concept, -a thread 
that has run through many MINNEMAST units, ties together the 
study of these three systems. . , ^ 

THE SYSTEMS CONCEPT • . . ^ 

k scientist is concerned with gathering information about the 
way things happen and with organizing his observations sp • 
that" they will be meaningful and useful. In order to do thi>^^ 
he must narrow his field of inv^estigatipn and select^ a manage- 
able portion to Investigate. To study a phenomenon, he fo- 
cuses his attention on a limited set of objects ^involved in 
that phenomenon.^ This set of objects and the relationships 
that exist among them Is the system he observes and tests; 

It is this' approach to an investigation that MINNEMAST has 
developed in its systems thread. Situations are provided in 
which the children: ^ * 

V 

, .1) Select relevant elemehts to observe* 



2) Explore relationships among these elements. 



3) Verify the relationships by testing. 
/ 

The following summary indicates how the systems thread runs 
through the MINNEMAST program. 

Unit ! 5 , Investigating Systems 

The systems investigated and the experimental methods used 
are ver^simple. The main method of investigation is to ob- 
serve' a phenomenon , think about what objects jare involved in 
producing it^ an^ then remove one object at a time from t^e^ 
system to find out which are necessary for the phenomenon to 
occur. There are no efforts to quantify ekp^riments. 

Unit 19, Comparing Changes ^ 

In Unit 19 a quantitative treatment of systems is introduced. 
The children discover and describe the relation between differ- 
ent elements of a system, such as the height of a corn plant 
and its age. The changes in these two quantitative properties 
of the system'^s elements have a functional relation — that is , 
as one changes the other changes. As the days pass, the 
corn plant grows, the children explore functional relatibns 
in several different systems. 

-Unii^-3-7 -Gond-it-ionS"AffeGt-ing-Life— - — — ~ 

Here ther6 is ^rrjpre' emphasis on systems found in nature. The 
children set up controlled experiments in which they vary a 
^certain oondition (light, temperature or moisture) while keep- 
ing the others constant. Thus they can see how each of the 
conditions affects living things. A general method emerges, 
that of narrowing do\vn to a suitable system of a manageable 
size, the study of which can reveal the answers being sought. 

Unit 29, Natural Systems ^ i 

This unit rounds out the work with systems. The children ob- 
serve three natural systems by making detailed analyses of 
how they work. In each case the children generalize from 
their classroom experiences. In the locomotion system they 
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consider what elements are common to all the animals they 
study and what might also be in common with other things that 
move, such as cars, boats and airplanes*. In the plant and 
erosion systems they use the information ihey have discovered 
to think about what plants are best suited for different environ- 
ments and about how man can control erosion* Thus they use 
the systems poncept to study three general classes of natural 
phenomena. This suggests how the syctems notion is used in 
/J scientific investigation. 

OB^CTIVES ' 

Specific objectives are provided with each lesson. The intro- 
ductions to each section give more generalized objectives, as 
they apply ^to the systems being studied. Only a few general 
objectives for the unit are listed here. . 

As they do^the worjc outlined in this unit, the children should: 

- Use the systems concept as an aid in studying natural 
phenomena by focusing their attention on just one portion 
of a complex: system. (For example, the locomotion system 
is just one aspect of the larger system, the whole animal.) 

- Examine a phenomenon to decide what the relevant vari- 
ables in the pystem are, and then cgntrol and change some 
of those variables and compare and describe tjie outcome. 

Recognize that there can be many ways of looking at the 

same systenTand acc~epf"a~^v^^^^^^ of opinions and ideas ; 

- Distinguish between speculations and conclusions, , based 
on experimentation. 

"S 

NOTES ON TEACHING THIS UNIT 

The lessons and experiments included have been tested in 
classrooms and can be relied upon to give children particular 
learning experiences. Additional activities designed by the 
children should be inserted where thpy are appropriate. 

Many times in this unit it is recommended that you encourage 
' the children to participate in suggesting and designing experi-^^ 

ments.' This degree of involvement can capture genuine inter- 
^est and help the students to formulate ideas about what are 



appropriate questions to examine through scientific investiga- 
tion and what are appropriate means for doing this • 

As you read through the unit in preparing to teach it you should 
decide at what points you will give the children freedom to in- 
corporate their own ideas , so that the activities will be nicely 
balanced between experiments that ere teacher-originated and 
those that are student-originated, 

PREPARATION 

The films recommended in this unit are an important part of 
the lessons • Order them from your regular audio-visual 
sources well ahead of time. The chart below tells approxi- 
mately when you will need them. Each time we recommend a 
film we give at least one alternative. They are dissimilar 
enough so that if two are available, you should show them 
both. In the chart numbers refer to lessons; letters refer to 
films . 
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Tuesday 


Wednesday 


Thursday 


Friday 


Week 1 


1: A,B 
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Week 2 
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6: CD 


7: E,F 
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Week 3 
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10 


1 1 • 


1 1 


Week 4 


12 • 


13 


*I3^"' 


14 


14 


Week 5 


l»5 


16 


17 


ra 


19 


> 

Week 6 


19 


20- 


V 21 


22 





A. Animals. Ways They Move , Encyclopedia- Britannica 
Films, 16mm, 10 minutes , color (I) 

B. How Animals Move , McGraw-Hill, !6mm, 10 minutes, 
black and white, (I) * / 

C . Looking at Fishes , "Encyclopedia Britannica , 1 6mm 

II minutes, coloi:*(6) / 

D. How Water Animals Move , film loo^^ *super 8mtav. 4 
minutes , color (6) - 
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E. Looking at Birds , Encyclopedia Films i 16mm, color, 
10 minutes (7) 

F. Seabirds, Form and Flight , film loop, super 8mm, color, 
4 minutes (7) ' * ' 

Most of the films are available for rental. Film loops must 
be purchased, but if at all possible we recommend that you 
use them. , ^ ^ 

In the locomotion section (Lesson 7) we give optional activi- 
ties with a live or stuffed bird, "dependent upon your success 
in obtaining one from your city zoo, museum, taxidermists or 
parents . ^ \ ' 

Several lessons call for living things that are not provided in 
the kit. Goldfish (Lesson 6) can be purchased in a pet shop 
or even a variety store, ai{d coleus plants (Lesson 9) should 
be available in the spring in variety stores , supermarkets or 
greenhouses . See Living Things' in Field -and Classroom for 
more information on obtaining and caring for the fish and 
plants. ' - . 

V * 

Most lessons are" limited to one day's activities. When a 
les^son is longer, this is mentioned in the introductory para- 
graphs. You can refer to the chart on p. 4 for advance 
scheduling and preparation. 
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ANIMAL LOCOMOTiaN' SYSTEMS 



commentaIiy 

The different locomotion systems studied in this section have 
at least three things in common: 

' I) All the animals, move some parts of their bodies to go 
• forward. 

2) The body parts^push against something — land, air or 
water. ^ 

3) The energy for moving comes from the food each animal 
eats. 

The decision of what should' be included in a system is often 
an Arbitrary one. In the locomotion system one Cfould look at 
the anijnal, decide ^which body parts are involved in itsnnov- 
ing forward/ and call that the locomotion system. Another 
way to look at the locdmotion system would be to consider the 
moving parts of the animal which push it forward, the part of 
the. environment — land, water, air — against which the mov- 
ing parts push, and the energy the animal needs for moving, 
in this case the energy that it gets from eating food. Both of 
these approaches arj3 developed here. 

To study each animal locoTnotion system, the children will ob- 
serve, describe and analyze the animal in motion. Wherever 
possible they will study live animals — goldfish, bugs, birds 
and themselves ^^jeyeral films make it possible for them to 
watch other animals • Stop-motiorTdiagranrs^TieTp I'hem majce a 
detailed analysis of how parts of a particular system move. 

The purpose of these ler.sons is not to accumulate information 
about how animals move. It is rather to give the children ex- 
perience in studying a complex'phenomenon by applying the 
systems approach. They analyze locomotion, see what parts 
of the body are involved, and study each part to see how it 
moves. Studying several apparently different locomotion sys- 
tems (land, water and air-borne animals) gives the children * 
the additional opportunity, after Considering each separately, 
to discover what they all have in common. 
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time, there are many ways in which th^se lessons can be ex- 
tended. Encourage the children to continue investigations 
after school. A few suggestions are made in the lessons; 
you and the children will think of others . 

OBJECTIVES 

By the end of this section the children should be able to: 

- See that all locomotion systems follow the same basic 
principle: all animals move forward by pushing with some 
parts of their body against land, 'air or water. 

- Identify food as the source of energy for locomotion of 
animals . - . . 

- See that different animals depend on different kinds of body 
parts for getting themselves from oi)e place to another. 

- Describe the locomotion systems of people, dogs, fish and 
birds after making direct observations. 

- Recognize bilateral symmetry as it appears in animals' 
stnicture and in their locomotion patterns. 

— . Deduce limited information from examination of traces 
(footprints) le.ft by a. locomotion system that they do not 
observe directly. 

- Describe similarities and differences among various me- , 
chanical and living locomotion systems. 



1 : HOW ANIMALS MOVE FROM PLACE TO PLACE 



The childrerv. discuss different ways that animals move from 
place to. place. They should Include animals that mo 'e in 
water, in air and on land. Then they discuss what should be 
considered parts of the locomotion system of some common 
animals. They also watch a film showing many kinds of ani- 
mals walking, flying ah(| swimming. 

Whenever it is "appropriate in the discussion, tell the children , 
that when we talk about animals moving from place to place we 
are talking about their locomotion systems. Tell them that this 
is easier to say than alway^ to say "their systems for moving 
from place to place, " and it means the same thing. If we take_ 
• the vjord apart, -loco m^ans place, and motion means moving. 

MATERIA-LS 

_ films: Animals. Ways They Move , Encyclopedia Britannica 
Films, 16mm, 10 minutes, color. 
How Animals Move , McGraw-Hill 16mm, 1-0 minutes, 
black and white. - 

OBJECTIVES 

-In the course of this lesson the children should: 

- Observe and think about ways that different animals move. 

- Tfy to decide what should be considered parts of different 
animals' locomotion systems. 

- See that the same body parts are not used by all animals 
to- move forward. 

- See that all animals move forward by pushing with some 
part of their bodies against the land, water or air. 

- Become prepared to look" closely at locomotion systems of 
living specimens to learn more about ihem in the following 
lessons . 



PROCEDURE • 



You bo usincj film and dtscussion in this lesson. We 
describe the procedure for beginning with discussion, then 
using the film as a source of information, and concluding with 
n^.ore discussion. You may prefer to show, the film first, con- 
duct a discussion, and then show the film again to let the 
children ciieck on their ideas, Vv^hen you preview the film you 
Will be able to decide which way of teaching the lesson is 
appropriate for your class. 

Every animal has some way to get from one place to another. 
Have the children describe as many ways that animals move 
from place to place as they can think of; List on the board 
all the ways they tell you. 

Then ask them what kinds of animals move in these kinds of' 
ways, and list the kinds of animals after each kind of motion. 
You may have a list similar to this: 

— Walk: PeoplQ, dogs, cats, horses, birds, insects, 
elephants, lizards, 

— Run: All the animals that walk>. 

— Sv/im: People, fish, some birds, some four-footed 
animals, some insects, 

— F!y: Birds, bats, 

— Hop: Birds, squirrels, rabbits, people, kangaroos, 

— Wiggle: Snakes, wovms, 

— Leap: Horses, kangaroos, deer. 

Ask the children if they think that each of the animals that 
they hav^ mentioned has the same parts in its locomotion sy3- 
tern as every other animal they have. mentioned. Ask what they 
think are parts of the locomotion system in a dog, a bi d, a 
person, a snake, and a fish. List their responses under each 
animal. 

The children rhay add other animals to the list. Insects with 
si>: .legs and two or four wings arc extremely interesting. 
Until now, the children have been depending on their memories 



and inaaination in this discusson. They should have oppor- 
turatie^ tu observe as many kinds of aniiMdls moving as pos- 
sible. For this reason the next lesson includes a field trip. 
To supplement this and to prepare for it we suggest that you 
use a film, Animals, Ways They Move , or How Animals Move . 

Before showing the film, discuss with the children what kinds 
of things they are going to watch for particularly, (These 
will depend on the kinds of things that were talked about 
earlier.) Ask the children some of the following questions to 
direct their observations v;hen they watch the film, 

HOW DO ANIMALS USE THEIR LEGS? 

ARE THERE PARTS THAT ARE USED FOR LOCOMOTION BY 
SOME ANIMALS AND NOT USED FOR LOCOMOTION BY 
OTHERS? 

DO THEY USE TAILS? DO ALL ANIMALS THAT HAVE TAILS 
USE THEM IN THE SAME WAY? DO A FISH AND A DOG 
USE THEIR TAILS THE SAME WAY? 

Then show the film. After the children have seen the film, 
have them look at their original lists of what should be 
included in animal locomotion systems, and ask if they 
would like to make any changes based on their observations. 

In every locomotion system the animal pushes part or parts - 
of its body against something — against land or air or 
water — to move itself forward. If the children do not 
notice this , ask: 

WHY DO YOU MOVE FORWARD WHEN YOUR LEG 
MOVES BACK? 

When the children recognize that their feet push backward 
against the ground, you can ask what a bird pushes against 
(air) and a fish (water) . ' At this point the children may 
want to add the ground, air or water to each locomotion 
system they listed, since this is what the animal pushes 
against, 

Now the parts of the locomotion systems listed 'may include 



body parts and what they push against. To lead the children 
to recognize a third area to consider, ask them where animals 
get the power or energy to move. They should realize that^ 
all animals need food for energy • This too can be included 
as part of a locomotion system. 

(Remember that a system is arbitrary, and can be broad or 
narrow according to the individual's choice. It is not 
necessary to include all the above in every list of parts 
of a locomotion system, but it helps one remember what all 
locomotion systems have in common. This point will be 
made in more detail at the end of this section,) 



Lesson 2: FIELD TRIP 



On a field trip the children observe as many kinds of animals 
as possible, paying particular attention to their locomotion 
systems and numbers of legs and wings* They discover that 
the animals they find all have even numbers of limbs. ^ 

The children should be able to find enough insects and other 
animals within the school yard and a block of the school to 
make their observations* Inspect the area beforehahd so that 
you can anticipate what the children will find. The pictures 
of field trip areas in the MINNEMAST handbook, Living Things 
in Field and Classroom (pages 100-113) suggest places to 
' look and give an idea of what might be found there. 

This field trip relates the locomotion lessons to direct experi- 
ence and offers the children opportunities to expand their 
appreciation of their natural environment. 

OBJECTIVES ^ 

During this l|3SSon the children should discover that: 

- There are many kinds of animals to be found in ordinary 
surroundings . 

- Animals have many different kinds of lacomotion systems. 

- Different animals have different numbers of parts in their 
locomotion ^systems. 

- All the animals they find will have either no. legs at all or 
even numbers of legs. 

MATERIALS 

— for each pair of children — 

- pencil 

- magnifier 

- Worksheets I and 2 



2 




PROCEDURE 
Activity A 

Bofor*? the field trip have the children tear out Worksheet I 
{two pages) and fold them in half to make their field trip 
record booklets^. 

Introduce the field trip by asking the class what" sort of ani-^ 
mals they would expect to find around the school grounds and 
where each kind would be found. Recall thB field trip in Unit 
23, when they looked under rocks and .boards T Where else 
would'they expect to find animals? 

U^sually it is po^^sible to observe some birds, such as sparrows 
of pigeons. There may be squirrels, dogs or cats within sight. 
Many of tFie animals may be small, such as aphids and larvae 
on bushes, grasshoppers or crickets in the grass, spider-S or 
ants in corners and crevices. 

Divide the class into pairs of children who will search together 
Assign a special area to each pair. The assigned places will 
vary for each school yard. Possible areas include tred "trunks, 
bushes, plots of grass, sidewalk cracks, corners of buildings, 
areas around downspouts, edges of fences, the sky, and - 
the sidev/alks . - 
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Tell the children they are to look carefully tir any animals, 
inCludinq insects, that m^y be around. They are to observe 
thoir locomotion, count and record the number of legs and 
wings, and draw a picture of each animaL'in their field trip 
booklets. They will need to use their magnifiers to study the 
very small animals- Caution them not to touch spiders or 
bees but to observe them quietly. 



Tell the children fhat biologists studying animals are very ' 
quiet, work plose.to'the ground or the grass to find small ani- 
mals, and work carefully with-the animals • 

Have the children paij off and search their assigned area. 
They are to record their observations, but clc*ss discussion 
should 'wait until you are back in the classroom. 



Activity B 



^ When you return to the classroom let the children report on 
\he animals they have observed. Probably there will not be a ■ 
great variety, so one child can supplement another's report. 

At first ask the children to tell how the different animals 
moved and what were parts of their locomotion systems. If 
birds were observed, find out if the children think wings 
should be part of tHe system. If so, what do they push a- 
gainst? When animals walk, what do -they push against? Es- 
tablish the idea that in order to move, some part of an^animaPs 
body needs to push against something — the earth, the^.air, or 
in the case of swimming animals , the water. 
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Wri»r r/own the ivin* or ^Mh fltnluuil you <*aw under the number thnt «howfi 
ho* mnn\^ It hAd. 

What do you notice aboqt thene I Mt«7^ \^^ ^ : 

Do vou know of any nnlmaU with one le<? . ■ • 

•Do vou kn^w of .iny an Iran li* with three le^i?— ^5 — 

Do «ny anliwl"* have an otM number of le<t»? . . ^ . fcJ - Q — ■ 



Activity C 

Draw a number line on 
the board as it is shown 
on Worksheet 2. Keep 
the units long enough 
^to allow room for writ- 
ing. Have the children 
follow the first instruc- 
tion on the worksheet. 
When thay have finished 
writing the names of the 
animals they saw, call 
on different children to 
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tell v/hat animals they saw and how many legs each one had. 
As they repoh, mite the name of each animal under the num- 
ber showing how many legs it has. Each child should add all 
the animals to their own lists. Then ask about other animals • 
the children know about, even though they didn't see them on 
the field trip. 

Ask what they notice about the number line and the way the 
animals' names are distributed on it. They should discover 
that they have no animals listed under odd numbers (unles^s 
someone saw an animal that had lost a leg) . All the animals 
listed have either an even number of legs or none at all.. Ask 
how these legs are arranged. (They are paired on^opposite 
sides of the body.) 

Tell the children that almost all animals have some kind of 
symmetry. Ask thera to think about what kind of symmetry 
can be found in the way the bodies of all these animals are 
built. (They all exhibit bilateral or mirror symmetry.) 

Ask^the children to discuss how having an even number of legs 
helps the animals move efficiently. They might want to invent 
imaginary animals with odd numbers of legs and think about 
how they might move. 



Lesson 3: HOW PEOPLE WALK 

t 

In the ivtst lesson tjje children made general observations 
about the locomotion of animals. In the second lesson they 
observed living animals. In this lesson they look in greater , 
detail at the way one animal walks — a person. They find 
out how knees, feet, arms and other parts of the body are 
used in walking, and think about which of these should be 
included in a walking system. They discover patterns in 
locomotion, and compare walking and running. 

This lesson will take two days, one for each activity. 
OBJECTIVES 

« 

The children will: > 

- Identify the parts of a person's walking system from direct 
observation and analysis of each'other's walking. 

Discover that people's walking and running patterns are 
syimmetrical. 

MATERIALS 

- crayons ^ 

- Worksheets 3 through 7 , — 
Activity A 

Have a child walk back and forth in front of the class where 
the others will have a clear view of him. Then ask the chil- 
dren v^hat they think are the parts of his walking system. 
Have the child continue walking and ask him to freeze (stop 
moving) at intervals so that the children can note the posi- 
tions of different parts of his body at different times when he 
is walking. 
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You might havo the children focus their attention on just one 
part of his body at a time so that they can see that it does 
different things at different stages in the walking pattern. 
For example, they might watch one knee to see how it bends 
and straightens alternately. Then they might w^tch his foot 
and see how som*etim*es just the toes touch the ground, some- 
. times just the heel touches and sometimes the entire foot is 
on the ground. 

The things the children observe may Include the foLo^r^ung: 

- The left and right legs alternate. 

- The legs move forward, bending at the hips, 

- The knees bond and straighten alternately, 

- The body moves forward because the feet push back 
against the ground. 

- Xhe feet have a heel-to-toe movement as they hit^the 
ground, rock forward and then lift off the ground, 

- The arms swing alternately, but opposite to the feet. 
The left arm goes for.vard with the right foot, and the 
right arm with the left foot. 

Ask the children to talk about what should be included in the 
walking system. It wull be easy for them to agree that the 
ground is Vv'hat a person pushes against," and that he has to 
have a source of power. There may be some disagreement 
about which body parts are essential. To give the children 
the opportunity to make closer observation of a person's 
walking, ha\^e them work in pairs, following the directions 
on Worksheets 3, 4 and 5, 

When they have completed the worksheets, have the children 
discuss them. Ask how they decided which things were nec- 
essary in the walking system and which things were not nec- 
essary. Allow several children to share their ideas and 
methods of decision making. Then have them tell what they 
included in their lists and describe some of the things that 
they observed. There will be variations in the lists. The 
children should give their reasons for including different 
^things in the walking system. Some will include arms, eyes, 
and the trunk of the body. Others will choose to define the 
system more narro-vvly and include only the lower limbs. 
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fr^-rU ■»'-! the 'ttt^^er hi^n trH-kUv. 

■^oi *iUl f^»r t tuni la « wtlker arA turn to he 

9e^vz*f *Vn iht^*»ichfr telln vou, that he imh 
^•hl h p*ri<* \ou arc u*»ln(C tu walk. 

*^ik k A ti lorlh 41 ItTHHi six tlws. 




V>Ti.^ how f'^ih p^rt Jhrti the *fliIkcT utes 9iovr« *hcn 
Oc»<H It or r-of 

*^-it 'ii^*^ ♦'^^h part of the »« iking •.v«ti-n 



.it 2'* S<»tje^-, _ 

t I t the iMfts ih.iJ >ou think .iro ih thi- 

akin*: ««vvti-r, 

„ . 

,.ie4^__ _ 

^rvus ^ 

lis! Miher thimi'« that lould lx« p.irt ol the N\stwB. 

.^^^loor; _ ^_ 

Vm <lu the».o throe things; 

I. Have the **aIkor walk back And forth one t tt>c for 
«<uh rwtrt that l«k on vour' I Kt , **itch twi thnt 
{Mrt « 

2 Tlion cross out any part on >our It^t that you 
decide shouldnM bo there. 

3, Wd any other parts that >ou thtnk are in the 
walkint: system. 



*ork««hri"i 5 
tin I 2^ 



(h«x»sr ore f'^irl mi thv wtlkuic ^vMe^n to luok .it 



\*rit«" the p.<rt %*»u chc»ve hero. 

H.it^h the wjiker walk Ktik and forth <.ev*'ral ti»c<*^. 

him to walk %Ini*lv, ti» walk lulrklv, md to stop 

M'ver.^I tis>cs *so tKU VrtU ca» «.er i*Kjt the p.»rt 
vou arc w*iithtn« dtH-«v when he w.^iks, 

Driw pi« iiirp^i here Khowinu what the part vnu waiihcd 
doe*^ whcH *»»>weone walk<. 






19 




ERIC 



Activity B 



It is difficult to watch someone walk and tg observe exactly 
what is happening, because so much is going on at once. 
Worksheet 6 shows diagrams of the motion stopped or frozen 
at different stages of the walking pattern. The children may 
do the worksheet alone or in pairs. 

When they have finished the worksheet ask them what they 
have found out about v/alking patterns. To begin the discus- 
sion you may ask questions similar to the following: 

HOW MANX STAGES OF A COMPLETE WALKING PATTERN ARE 
SHOWN BEFORE THE PATTERN REPEATS? (Four. They are 
described by the code letters B,R,B,L^ meaning "both, . - 
right, both, left. "J 



WHICH STAGE OF'THE PATTERN DO YOU SEE MOST FRE- 
QUENTLY? (Both feet on the ground.) 



»ork«.hcel t. 



I- 1 1^ |\ A ,|' k 
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Vu\ au R nnAfT the drawin«* ^here jusi iJw rlithi fool louchCH Ihc ground. 
VaX All L under the drA**ln«*» v»)*re Jusi Ihe lefl fool louche^ Ihe xround. 
fUl a B under Ihe dra**ln«"* *hero bolh feel louch Ihe ground. 

1*0! ^ red dol under Ihe 1. 
YiaA Any olher tirawtnic^ thnl are ihe savk as 1 and pul red dom under iheai. 
Ise red » ravon lo conned ihe red dou »llh red cur\es. 

I'ul J» blue dol under Ihe 2. 

Find anv olher drawlnji^ ihat 'ore like 2. Pul blue dols under then. 
T Hf ^r.*von 10 connect the blue dolii *»|ih blue curves. 

Put « ffreen dot under the 3. 
Find Any olher drAwlnics ihal Arc like 3. Pul ureen dou under ihem. 
iflc ureen crayon lo conned ihc ureen doix wlih green curves. 
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The colored curves connecting similar figures on the worksheet 
make repeating patterns , a form of symmetry that the children 
have worked with in kindergarten and first grade MINNEMAST 
units. They might want to color each figure, rather than just 
the dots under them, to illustrate the symmetry of walking 
patterns. 



Worktheet ^ 
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Put «n R under the drawlngt where Ju»t the right foot touchet the giHMJnd. 
^«f mi I under the drawings where Jutt the left foot touchei the ground. 
Put a B under the drawings where both feet touch the ground. 
Put an S under the drawing*? where no feet touch the ground. 



Put a red dot under the I. 
Put red dot!» under any otWtr Jrawingf tn.it ere like I. 
if»t red cr<»>on tc connect the red dots with red curves. 

Put >i ^lue dot under the 2. 
Pat blue dot« under other drawingf that are like 2. 
l„e blue crayon to connect the blue dots with blue curves. 

Put A green dot under the 3. 
Put Kreen dot*j under other drawings that are ITc 3. 
Ue green cravt-n to connect the green dots with green curves. 



Have the children do a similar analysis of the running pattern 
on Worksheet 7. 



Then ask them to compare what is similar and what is different 
about walking and running • If necessary, you may ask ques- 
tions such as these: 

ARE BOTH FEET EVER ON THE GROUND AT THE SAME TIME 
WHEN A PERSON IS RUNNING? (No.) 

ARE BOTH FEET EVER IN THE AIR AT THE SAME TIME WHEN 
A PERSON IS RUNNING? (Yes.) 

ARE BOTH FEET EVER IN THE AIR AT THE SAME TIME WHEN 
A PERSON IS WALKING? (No.) 

DO THE HEELS EVER TOUCH THE GROUND WHEN A PERSON 
IS RUNNING? (No.) 

DO THE HEELS EVER TOUCH THE GROUND WHEN A PERSON 
IS WALKING? (Yes.) 

WHEN DOES THE RIGHT ARM MOVE FORWARD? THE LEFT 
ARM'' (Alternate to the feet.) IS THIS THE SAME IN 
WALKING AND RUNNING? (Yes .) 



lesson 4: FOUR-LEGGED LOCOMOTION PATTERNS 



The repeating patterns of locomotion of four-legged animals 
are more complicated than two-legged patterns. The children 
experiment to discover possible patterns of walking on four 
legs and then discuss animals that they think might use such 
patterns. They look at eight-stage stop-motion diagrams of 
a dog's walking pattern and study the footprint patterns of 
several four-legged animals. 

OBJECTIVES 

By the end of this lesson the children should be able to: 

— Observe thai the locomotion systems of four-legged ani- 
mals include body parts that push against something, and 
something that they push against, 

— Identify possible four-legged patterns and experiment 
with them . 

— See that all four-legged animals don't necessarily-use 
similar walking patterns. 

— See that the same animal can have'more than one way of 
v/a iking. 

MATERIALS 

— Worksheets 8 and 9 
Activity A 

Remind the class that thoy have seen that people walk with an 
alternating right-left pattern. Ask how the children^think four- 
legged animals walk. Have a child get down on hands and feet 
and demonstrate a possible four-legged pattern. Have other 
children describe other possible patterns and demonstrate them. 

As each new patterh is described draw it on the board or have 
a child draw it on the board in stick figures. Have the chil- 
dren draw what they think the footprint pattern would be for 
each four-legged style of walking. Then give a few children . 
at a time opportunities to try walking these ways, using the 
diagrams on the board as guides. Some of the patterns will 
be comfortable for the children and others will be awkward. 
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The following patterns will rrobably be among those suggested. 

I . Both front limbs move forward together, then both back 
limbs move together. This is essentially a hopping form 
of motion, with two limbs at a time moving through the 
-air while the other two are on the ground. ^ 




2. Right front and rear lunbs move at the same time, then 
left limbs<move at the sam«e time. 




3. Right rear and left front move at the same time, then 
left rear and right front. 
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l'U«e % cri 'j'»t ui'<Ut the hox belo>» picture 1. 
FJr4 the «*"%t y.ji t'lre Ih-it Is like 1 ^ 

in^... * r«».1 ^ot uider It *h.»l iiu-nUT lv it^ 

f-ir vou fird brother pit lure 1 Ur 2">.,Y^^, — 
What nu-nJ^r l> it- ,iP I'at' blue *lot. uuU*'r both. 
Joinpe.t the red 0..ts >*ith red ^urM*s. 
fonrcct the hlue dot% vfith hlue curves 
»se t*<i other volors to connect picture*. M anJ 12 
With r>ther picture** that nxatch the®. 


The pictures of t peraon** xalkinx pattern had four 

ataices before th»y began to repeat. 
Ik)w Mny ata^ea are aho*n of the dog'i walklnfc 

i^a'Scr:: before !hty r^i»*«t7 * 
Which pattern Is more complicated? PeraonQDogS' 
Try to dra* a dog'a footprint pattern In the boxea 

under the drawlnga. 
Cse dots to show >»here the feet touch the ground, 
t'se x's to show >»hero feet are In the «lr. 
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6 7 8 9 10 ' 


11 12 13 14 15 

• y jc X / ^ l-* j& 1/ ft 

I,noK at the^e picture* of a dot? runnlr.R. 
rind *hcre the pattern repett^. 
\ \% the sa»< ni.-3L-*nd J-!L 
2 Id the M-i^L and JJ^ 

How a«n> »t«^«^ lire ajRwn In the do«'^ running 
pattern? 8 


16 17 18 ^ )i 20 

sa E] rp [Li 

Dra>» the running footprint pattern under Uach picture, 

l5C for the feet that arc touching the ground. 
t'5C x'« for the feet that are In the air. 

Look at the footprint pictures of walking and running. 

Look for thing** that arc the «a»c. 

to<»k for thing*, that nrr different. 

DiflcU^M them >*lth (he rlan^. 




After trying some of the patterns, have the children get ready 
for a short discussion at their sea.ts. Point to the diagrams 
on the, board and ask what anin 4s the children can think of 
that might use these patterns sometimes. 

Activity B 

Have the children turn to Worksheets 8 and 9 and follow the 
directions / working alone or in pairs* 

When thev have finished the worksheets discuss them briefly 
with your class- Have the children compare walking and run- 
ning patterns- They shouid look for similarities and for dif- 
ferences. Ask how many feet are usually on the ground at one 
time for walking, and how many for running. Does the animal 
ever have all his in the air when walking? When running? 
Is the distance between footprints greater in walking or in 
running? 

Activity C 

All tne walking patterns that have been investigated have re- 
peating symmetry. Ask the children to try to walk in a way 
that does not have repeating symmetry. An example of this 
might be three hops on the right foot, one step on the left, 
one step on the right, two hops on the left — a continually 
changing pattern. The children will observe that their usual 
symmetric patterns are quicker, more comfortable, more effi- 
cient and require less concentration. It is natural for them 
and for other animals to move forward in a repeating pattern. ^ 



lesson 5: MAKING DEDUCTIONS 



Sometintes one can tell^hings about a system from indirect 
evidence, even though one doesn't see any part of the system 
itself. Footprints are evidence of a locomotion system that 
has walked or run over soft ground. Here the children 
make speculations based on indirect evidence. They have an 
opportunity to distinguish between freewheeling guessQs and 
guesses that have a logical foundation. 

Another aspect of this lesson is very important in science — 
that is, that often evidence may be interpreted in several 
ways, and the observer must keep an open mind until he is 
able to make conclusive observations or experiments to sup- 
port a particular interpretation. 

OBJECTIVES 

During this lesson the children should use what they learned 
in the first four lessons of this section to: 

— Interpret indirect evidence of a system that operated when 
they were not observing it. ^ 

— Recognize the limitations of indirect evidence that might 
be interpreted more than one way. 

MATERIALS 

— Worksheets 10 and II 
PROCEDURE 

Tell the children that sometimes it is possible to get informa- 
tion about a system without seeing the system at work. Ask 
if they can think of any way that they might be able to tell 
that ah animal had passed by a certain place when the animal 
itself was nowhere in sight.. 

If the children do not think of footprints as possible evidence, 
ask them if they know what kind of evidence Indians used to 
help them decide if people or animals had passed by a certain 
place. What kinds of things do they think that Indians could 



*.ell about an aViimars locomotion system from observing his 
footprints? The children may talk about: 

- Identity of the person X)r animal- Evidence could include 
shape and number of feet, distance between footprints as 
indication of size, depth of footprints as indication of 
weight. . 

- Direction of movement, evidenced by which way toes 
point. (Someone might suggest that this could be inter- 
preted another way. The animal might have been walking 
backwards.) - ' 

- Speed. Evidence might include distance between foot- 
prints /depth of footprints, presence or absence of human 
heel marks, pattern left by four-legged animal. ^ ' 

After the discussion have the children turn to Worksheets 10 
and ! I a^d follow the directions. vVhen they have completed 
the worksheets they may want to share their stories and 

pictures. • ^ • n 

[See worksheets on next page. J 

After this discussion the children may enjoy knowing about a 
foolprint activity to do at home. They could take a pan of 
water outside, w^et their bare feet and make footprint patterns 
on a dry sidewalk. One child could hide his eyes while the 
other makes a pattern. Then the first child could try to teir 
how he did it. They can try walking slowly or quickly, for- 
ward or backward, etc. 
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Nine. 



Footprint!* H*4e by riro-lc>?Kcd AnloaU 
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Draw arrows to show the direction each anliul went* 
Which do you think was jnovini f««tMt? "f ^^ ^^ ^ 
Why did you pick that nn^^ lVg- -fooVf vrt^ t^-C T 



«rlte In each space the aniiuil you think Mtde^ the 
prints* ^ ' 

How can you tel 1? . 



Worksheet II 
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Footprint Storf^s 



Choose one of these «ets of tracks, write a $tory 
^ and draw pictures about who passed here And what 
happened. 
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Worksheet U (continued! 



What "happened here? 
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Less9n 6: HOW ANIMALS SWIM 

Except for tF>e animals in the films / those that we have dis- 
cussed in most detail have legs as the most important parts of 
' their locomotion systems. Here the children look in more de- 
tail at animals that swim. They observe a goldfish and note 
the parts of its locomotion system. Then they see films about 
fish, which will provide them with further experiences, and ob- 
servations. They also consider other animals that swim. This 
lesson is just an introduction and is not intended to be a com- 
prehensive study. 

Determihe the size of your groups by the number of goldfish 
you are able to provide, 

OBJECTIVES ' ' - 

'puj.Q.jgW ^1352 discussion and individual observation, the chil- 
dren should: ^ * 

- Agr^e on what to call different parts of the fish's body, 

- Describe how different pi^rts.move when the fish swims. 

See that fish move by pushing against the water with some 
parts of their bodies . / - 

- Observe that other animal? that swim use other parts of 
their bodies to move fbrward in water, 

MATERIALS 

— for each group — 

- goldfish in a plastic shoe box ^ ^ 
(See Living Things in Field and Classroom , p, 55, for 
notes on obtaining goldfish,) 

- stravv 

— for the class — 
^ - film's: Looking at Fishes , Encyclopedia Britannica, 1 6mm, 
II minutes , color. 

How Water Animals Move , film looR, super 8mm, 4 min- 
utt?s, color, 

- Worksheets 12 through 16 



PREPARATION 

' Till the platitic shoo Ix)::e3 Avith water at least 24 hours before 
teaching this lesson in order to allow the tap wat^^r to lose its 
chlorine and come to room temperature. The next day put a 
fish into each shoe bo::, -(See Living Things in Field andpiass - 
room, pp. 26-28 and 55-56, for details on caring for the^ish 
after the lesson is over.) 

. PROCEDURE 

Acti^aty A 

Begin by saving that we have looked at some animal locomotion 
systems that have legs as parts of the system, and now we will 
look at a goldhsh to find out the parts of its locomotion system 
and how i?us^s them. 

Have the class turn to Worksh^t 12. Together they should a- 
gree on what to call each part olf\the fish that is indicated. 
Some children may v/ant to use technical terminology f6r 
the dorsal, ventral and pectoral fins, and others may prefer 
to say "back fin, " "bottom fin" and "front pair. " The class 
should agree on the terminology the majority is comfortable 
ivith. 

The purposes of this worksheet are: - 

I) To decide on uniform 
labeling so that each 
child knows what the 
other is talking about. 

2; To draw attention to 
the specific parts of the 
fish's f>ody the children 
should observe. 

To q^iiidc the filling in 
of this worksheet, you 
may want to use the 
fqtllowing questions. 
But the names do not 
^ave to he the ones we 
/provide. 





,NTro^t-p'^»r^o{.^v\V Ba ck pair f.vi5 



f.-k 'I tiv « r'V»»b« r *!th \»>ir *Wf \'h *m 1 «•* 



First find the oye, rr.outh and gills and label them. 

HOW :.!A.\'Y FIKS DOES YOUR FISH i^AYE? (7) 

ARE THEY SINGLE OR IN PAIRS? (Both.) 

WHAT IS THE BACK END CALLED? (The tail.) 

IS THERE A FIN ON IT? (Yes.) 

WHAT SHALL WE CAL^ IT? (The tail fin.) 

WHAT IS THE TOP OF THE FISH CALLED? (The back.) 

IS THERE A FIN ON IT? (Yes.) 

WHAT SHALL WE CALL IT? (The back fin.) 

IS THERE A FIN ON THE UNDERSIDE OF THE TAIL? (Yes .) 

WHAT SHALL WE CALL IT? (Bottom fin.) 

WHERE IS ONE PAIR OF FINS? (In front.) 

WHAT CAN WE CALL THEM? (Front pair.) ■ 

IS THERE ANOTHER PAIR OF FINS? (Yes .) 

WHAT SHALL WE CALL THEM? (Back pair.) 

Depending upon the number of goldfish you have, the children 
can v;ork in pairs or fours, either all at the same timt^ or taking 
turns. Give the children a fish in a container, and have them 
follov/ the directions on Worksheet 13. 

Group children v;ho have reading difficulties with those who 
read well. If you have casette equipment you may want to 
tape the questions on Worksheet 13 for some children to use 
as a qtiide for individual observation. 
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When the children work with a fish, if it is not swimming they 
can gently encuurage it by touching it very lightly near the 
tail with a straw. If it is moving too quickly they will have to 
do some other work for a while to give it time to calm down. 

"After all the children have observed the goldfish and filled in 
thoir worksheets the class should have a short discussion of 
what they found out about the goldfish's locomotion system. 
Worksheet 13 is intended simply to help the children make de- 
tailed observation of one part of the fish's body at a time. 
The discussion should bring out a few specific facts about how 
the fish's locomotion system operates • Ask: 

\Vm DOES THE FISH MOVE FORWARD WHEN IT MOVES ITS 
TAIL FIN? {Because the tail fin pushes back against the 
water.) 

V/iriT DOESN'T THE FISH FALL OVER ON ITS SIDE? (The 
top and bottom fins and the paired fins help it keep its 
balance.) 



HOW DOES THE FISH TURN? (The fish uses thr* paired 



Activity C 



Shov; the suagested films. Have the children watch to compare 
the v;ay their qoldfish swam with the ways that other fish swim. 

Activity D 

Worksheets 14, 15 and 16 show other animals swimming. 
Worksheet !4 is designed to serve as the basis for clas.s dis- 
cussion. All the animals are swimming. To swim, each ot 
th^ n L ushus aqamst the water v/ith some part of its body. The 
parts they use are different. The fish uses its fins, the bird 
and dog their feet, and the child his hands and feet. The 
fish's body is best adapted for locomotion in water. It can 
swim the fastest and for the, longest time. Birds that swim 
have webbed feet. {Birds that do not have webbed feet can't 
swim because there is nothing for them to push against the 
v.'ater v;ith.) 
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V»)i> ck» >ou think they call this ln«ecl « *ater boatman? 
H i'^ (e<|S are ft kje o^-rs « 



On Worksheets 15 and 16 have the children fill in the answers 
independently. Encourage them to write answers even if they 
are not sure. Tnen discuss each question. These worksheets 
are intended to stimulate discussion and speculation. Your 
library may have some books that will supply additional infor- 
mation for children who v/ant to follow the subject further. 



PREFACE TO NEXT LESSON 

Tell the children that tomorrow they are going to study the 
flight system of birds, and on the way home from school today 
they should watch birds to see how they fly, take off, and 
land. If anyone has a pet bird at home he can make a more 
detailed study and share his observations with the class. 



lessor. 7: A BIRD^S FLIGHT S\^STEM 



fnr-T-tTitnrrTT-T^ a film and will consider what 

parts of their bodies are part of their locomotion systems. The 
film gives the children a chance to watch many kinds of birds 
and to see them moving in slow motion. But a film cannot pro- 
vide the same excitement as a real bird can. Check to see if 
vour local zoo sends personnel with live animals to the class- 
room. Short of that, try to borrow. a s-tuffed bird from a museum 
or a parent. The children will enjoy^ looking at the structure of 
the feathers and the way they are arranged. 

Several worksheets require the children to look in books for * 
information about birds. These will extend the activities be- 
/ond the scope of the lesson itself. 

This lesson may take two days, one for the film and discussion, 
and one for optional activities. 

OBJECTIVES 

During this lesson the children should:,^ ^ 

- Observe birds in flight, 

• - Understand that flapping wings push against the air, 

- I:iontify parts of the locomotion system which may include 
v.ungs, tai!, feet, eyes, etc, 

— for the class — 

: ookmi at Birds , Encyclopedia Films, 16mm, color, 10 

:m nates , 

Seabirds, Form and Flight , film loop. Super 8mm, color, 

1 r'-ii'jut^':^ . 

- iiv^"? bird (optional) 

- St ;tfrd i)ird {optional) 

- tov airplane (optional) 



— reference books: 

Blough, Glenn, Bird Watchers and Bird Feeders , Whittlesey 
House, 1963, 

Darling, Lois and Louis, Bird, Houghton Mifflin, I962, 
(Teacher reference. See especially chapter on feathers, 
pp. I I 1-122, and chapter on flight, pp. 217-235.) 

Goldin, Augusta R., Ducks Don't Get Wet , Crowell, 1965. 

Goude, Alice E., Gray Wings , Scribner, 1964. 

Zim, Herberts., Owls . Morrow, 1950. 

World Book, vol. 2, Birds (See especially the sections 
"Hqw^Birds Fly," and ''Wings in Flight.") 

— for each child — 

— feathers (contour and down) 

— magnifier 

— Worksheets 17-19 

. PROCEDURE 
Activity A 

Ask the children what they observed on the way home from 
school yesterday about how birds fly. Ask what they think 
are the parts of a bird's locomotion system. Write their sug- 
gestions on the board. Then tell them that you will show them 
a film in which they will be able to see many different kinds 
of birds flying. They will also be able to watch slow motion 
flight to get more details. Suggest that they watch carefully 
for some of these answers: 

WHAT DOES THE BIRD DO TO TAKE OFF? (Watch the feet.) 

HOW DOES IT USE ITS WINGS? 

WHAT PART OFJTS BODY DOES IT USE TO CHANGE 
DIRECTION? 

HOW DOES IT LAND? WHAT PARTS OF ITS BODY DOES IT 
USE? (Watch the tail and feet.) 

Show the film. Then, after the film, hold a discussion. See 
if some children want to make changes in the list of parts of 
the bird's flight system they compiled earlier. Ask for rea- 
sons for including each part on the list. 



Activity B (optional) 

If yOu have been able to get a live bird or a stuffed bird, now 
is the time to look at it, (If not, go on to Activity C.) Ask 
the children to think about how the different parts are suited 
to the jobs they do. Following are some things to observe: 

1) The wings: 

^ HOW FAR DO THE WINGS SPREAD? 

COMPARE THE WING'S SHAPE TO THE TOY AIRPLANE WING, 
(Both have rounded, thick leading edges and thin trailing 
edges • The top surface is curved more than the bottom,) 

2) The feet: Some birds have webbed feet, some do not, 

WHAT CAN THE FEET TELL US ABOUT THE BIRD'S HABITS? 
(Webbed feet help a bird swim or take off from water, 
piawed feet help a bird perch and take off from a branch.) 

3) The tail: Note its shape, 

IN HOW MANY DIRECTIONS CAN THE TAIL MOVE? (Com- 
pare it with the rudder and elevators on the toy airplane's 
tail. The rudder steers the plane right and left, the ele- 
vators guide it up and down. The tail can also be pointed 
down sharply to help the bird brake when it wants to slov; 
down and stop,) 
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Take • contour feather 



Take 9 down feather. 



Take a iMcnlfter. 




!ki2d the quill of the iwtour feather tiKhtly, 
blow on the feather. See If >ou lan blow 
crackn in It, 

Vow pull hoac b«rb9 apart with your flnWr^. 

What Mkeft the barb9 hold together ao well? Look 
at then throuKh the sMKiilfler. 

Sow try to send the crack aw In, <ould you do It? Y^^ 
tvhat did >ou see along each barb? 
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ft)«s the down feather have hookK 011 its barb.s? 
lUte your naxnlf ler.l O o > 



Which kind of feather would be better for flying? 

Why? ff Wofi^ 4v4^afU#r to yasW tt ^ < • 

WliUh klild uf feather can keep a bird dry? 

Vhlch kind of feather would be better for keeping 



the bird war*?. 



Why? (t- i't (i'kf a ■fu-x.'z,/ jolai^ t^^n 

Which kind of feathers would you expect to find on 

the wings and mil? tOtCf ■ 

Where would you expect to find down feathcri^? 



If you have a real bird, look at it. 
If you don't have a bird » look In 

books to find out aiore about birds 

and bird feather*. 




Activity C (optional) 

Set the materials for this aoj:ivity on a table together with 
reference books, and let those children who are interested do 
it in their free time. Worksheet 17 is self-instructional • 
The children should examine and play with the feathers freely, 
They should discover how hard it is to break the surface of 
the vane of a contour feather and how easy it is to repair it 
by smoothino the barbs. ^ 



Activity D 



Call attention to Worksheets 18 and 19. Tell the children to 
write their ideas dov/n first and then look them up. This is a 
qood activity for small qroups. Encourage the children to use 
the encyclopedia {especially World Book) and the reference 
books. 
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Activity E 

If the children are interested in watching birds further, suggest 
that they can go on their own field trips after schooL They 
can sprinkle breadcrumus to attract sparrows, starlings or 
other birds native to your area. 

Give the children tips on how to behave and what to look for 
when they are bird watching. Remind them that birds' sight 
and hearing are very keen, and the birds will fly away if the 
children make sudden noises or quick movements. When the 
birds do fly, the children should try to see how they move 
the different parts of their bodies. They should watch them 
take off and land. 



Work*h<et IS 
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Stmc- 



CAiCii If you don't know these answers. 
Then tell whv you guessed the way you did. 




Which bird can swim? 



Which one runs the 
fA!ite9t7_ 



li: The 



which do you think U the best flyer?. 



Sm 



Worksheet 19 
Unit 29 

Look-lt-up Paice 
CueKf first, thtn find out: 




How high can blrdi fly? 



How fast can blrdt fly? 




liow Tar cnn aonie blrdt 
fly without stopping? 



Gueta Antwwr 

tUilotuLs 



loo WtvlfS ^OOO tutUs 
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Lesson 8: COMPARING LOCOMOTION SYSTEMS 



Locomotion systems may be considered in several ways. The 
main attention in the lessons up to now has been focused on 
the parts of different animals' bodies and how they help to 
move the animals forward • From another point of view, the 
parts of the body make up just one subdivision of a locomotion 
system. The other subdivisions are the source of energy that 
make it possible for the body parts to move, and what they 
push against in order to move forward — the land, water or air 

This way of looking at the locomotion. systems illustrates what 
animate and inanimate locomotion systems have in common • 
In this lesson the children concentrate on comparing many 
kinds of locomotion systems. They sefe that all animals have 
the same source of energy — food. But machines have differ- 
ent energy sources — gasoline, jet fuel, electricity, etc, 

OBJECTIVES ^ - ^ 

During this lesson the children should bring together the in- 
formation of the unit and make generalizations about locomo- 
tion systems. They should be able to: 

- State that all locomotion systems have parts that push 
against something in order to move forward, 

- Speculate on what those parts are in locomotion systems 
they have not studied. 

Tell what the parts push against in familiar Systems and 
speculate for unfamiliar ones, 

- See that all animals depend on food for their energy source 
Some children may know that the more immediate source of 
motive power is the muscles, 

- Speculate on what the energy source is for locomotion 
systems they have not studied, 

MATERIALS 

- Worksheet 20 



PROCEDURE 



Ask the children what they can think of that is the same for 
every locomotion system they have studied. Do not try to 
elicit the specific answers discussed in the introductory para- 
graphs, but give the children opportunity to develop some of 
their own generalizations. 

Then ask the children to name all the things they can think of 
that have locomotion systems. If they do not get around to 
mechanical systems suggest the category to them, but keep 
the suggestions coming until it is clear that the children's 
imaginations have been sent off in many directions. Then 
have them turn to Worksheet 20 and work on it independently. 
They may add other sheets of their own if they wish. 

After the worksheet has been completed, give the children 
opportunities to share their ideas. 
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SECTION 2 



A PLANT'S WATER CARRYING SYSTEM 



COMMENTARY 



Most children know that plants need water to live. In this 
section they, explore the most basic aspects of the plant's 
watop carrying system. They learn that water enters the 
plant from the soil through the roots , that there are tubes 
that carry the water from the roots up the stems and into the 
leaves , ,and that water comes out of the leaves into the air in 
the form of water vapor. They also learn that there are many 
different-looking roots, stems and leaves that may be adapted 
to different environments. 

The upward movement of water through plants is only partly 
understood by botanists. They cannot entirely explain the'^ 
tremendous pull that is necessary to carry water to the top of 
' a tall tree, but the pull is there. The water enters the roots 
through root hairsi, which are usually^too small to be seen 
with the naked eye. It is pulled up through tubes that pa^ 
through the stems and connect with the veir^s in the leaves^. 
The water is used by the plant in many ways. Some of it » 
passes into the leaf tissue and through microscopic holes jn 
the leaves called stomates. It g6^es into the air in the form 
of v/ater vapor. This stage, the passage of water from the 
leaf into the air, is called transpiration. The rate of trans'- 
piration is affectfjd by conditions of light, temperature, ' 
moisture and the stSructure of the leaf itself. 

Through seyeral activities the children>ldentify the path that 
water takes through plants. They observe that the water from 
the soil enters through the roots, Then'they see that the stem 
has tubes through which the water passes from the roots into 
the leaves, , They collect water vapor from the air around the 
leaves and conclude that water comes out of the plant through 
the leaves, ' • , 
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OBJECTIVES 

As they v;oik with plants in this seiption the children should 

be able to: i 

- Identify v\;ilting as an indication , that the water carrying 
system is not functioning properly, 

- Help devise and carry out experiments with different parts 
of the plant to find out if they are parts of the water 

■ carrying system. 

- Discuss the system, drawing on evidence from their experi- 
ments rather than relying on unsupported opinion. 

- Draw a diagram or describe the parts of a plant's water 
carrying system, indicating the order of the parts and 
their relationship to each other. 

- Recognize that different plants take up water at different 
^ rates arid that their water carrying systems vary, 

- See that plant tissue consists of a large proportion of 
water. 

- Learn that plants use water to make food. ^ 
NOTES ON TEACHING THIS SECTION 

Before the children begin experimenting v/ith plants it is 
necessary for them to have an opportunity to talk about the 
ethics of using plants in this way. Some children are reluc- 
tant to "hurt" plants. They should understand thai plants do 
not get hurt as animals do, but that we won't destroy any 
more than we need to in the experiments. At least one plant 
should be left after the experiments for thfr class to enjoy. 
There should be a sense of balance between using plants for 
experimental purposes and enjoying them in other ways. 

You will need four coleus plants for the experiments described 
here. Three of the plants may be small, but it would be help- 
ful if one has some branches. They should be healthy, with 
many leaves in proportion to the Size 6f the plants. Each 
should be in its own pot. The coleus is an inexpensive plant 
that can be bought at florists , variety stores or supermarkets. 
It comes in cevcral color combinations besides the one shown 
on the co^^er. 



Lesson 9: THE ROOTS 



From their experiences in Unit 23 the children should be 
av/are that temperature/ light and moisture influence plant 
survival. They discuss these factors briefly, and then con- 
sider moisture in more detail. They talk about the usual pro- 
cedure for watering potted plants, that is, putting water on 
the soil. Then they examine the plant parts that are under 
the surface of the soil, and set up experiments to find out if 
roots play a part in the plant's getting water. 

" One experiment is to cut the roots off a plant and see what 
happens to the top. This plant is kept side by side with a 
control, a plant with its roots intact. Both plants are kept 
without water until both are wilted. Then they are watered. 
The control revives quickly, but the rootless plant does not. 

This activity demonstrates that a plant is able to survive 
drought more easily if it has roots, and that the root is a 
useful part of the plant's wafer carrying system. The experi- 
ment does not show that plants must always have roots. 

The children are encouraged to suggest and set up other 
experiments, but the one described above should be included, 
because it is likely that some of the experiments suggested 
by the children may seem to indicate that plants don't need 
roots at all. (In trial teaching it was found that with some 
plants if the roots were removed and the plant was, kept well 
watered it did not show ill effects for the length of the test 
period. This is because the children are usually wd.rking with 
e-ctremely sturdy plaats that are often selected as house plants 
because they are able to survive adverse conditions. \ Even 
when neglected or deprived of suitable growing conditipns 
they will not die as easily as many common outdoor platits.) 

This lesson may take several days and should be started on 
Monday or Tuesday, 



OBJECTr/EJ 

By the vnd of the lesson the students should: 



— Identify roots as underground parts of the plant • 

— See that a plant needs water and will wilt when deprived 
of it* 

— Recognize th^t roots are a useful part of the plant's water 
carrying system. 

— Understand the role of the control in their experiments. 
MATERIAI5 

— three potted coleus plants, approximately the same 
size (at least 4") 

— tray 

— nev/s papers 

— knife ^ 

— v/ido-n.outhed jar 
PROCEDURE 

A-rivi^y A ' 

Show the children the coleus plants and ask them what plants 
need m order to survive. List their ideas on the board. The 
list raay include the following, based on their experiences in 

Unit 23: 

- v;ator 

- light 

- thv right temperature 

A.si: the children to toll briefly what their evidence is that, 
plants no'jd each of the conditions they have mentioned. Have 
thotTi taik about experiences that they have had with plants and 
kr>cribo v.'hat rosults they observed when plants were deprived 



After :ho rhildr jn have had an opportunity to share their 

i\ as, t''.!' thor: that for the nc^it few days they v/ill be doing 

50 ,o ^ :io:yir:;cnt^" v/ith plants and \.*ater. 

^^^1 i up a coleus plant and ask the children how they think it 
'ujlB v.atcr. They can Le o>:pected to say that wo put water on 
the 5011 in the pot. Ask how they think the water gets into 
th.. plant, since v;e don't put the water directly into the plant 
lut on the soil. The ciiscussion nnoht revolve around ques- 
tions such as these: 

I!0\V DO YOU miKK THE PLANT GETS WATER FROM THE 

SOIL^ 

ARi; riiERC A>r£ parts or the plaict touching the soil 
rHROuo:: wiiicH the water might get into the 

riANT ' 

Ask hov; wc could find out what part of the plant is under the 
soil. ^V^^ '-ould look.) 

<\c - \ i -wspaper on a desk or table and then take one of the 
s plants. Have a child qentl/ take the plant out of the 
rot ar. ; rr>r-o"'''e the soil from around tl'ie roots. 




The child can put his hand 
over the pot so that the 
stern passes betiveen his 
finaers. Then ho can in- 
vert the pot and rap it 
sharply on the edqe of a 
desk so that the ball of 
soil drops into his hand, 
{fave a wastobas!;ot or 
newspaper underneath to 
catch spills . 
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Tbe chUd n;ay vash to sv/ish the roots In a basin of water to 
v.-ash off tho reiT;aining soil and loosen the roots, enough ^or 

O'^sor/ation. 

!Iav€ all the children iook carefully at and touch the roots . 
(Either pass the plant around on a tray or have the children 
file past it on a table or counter,) 

When the children return to their seats have then describe the 
roots. Encourage them to look at the roots again if they v/a t 
to check on the accuracy of their descriptions, (When you 
have no further need for observing the roots, set the plant into 
a jar of water and save it for the next day,) As the children 
describe properties of the roots, list them on the board. For 
example: 

- Tho roots are long , 

- Thev're thin, 

- There are lots of roots , 

- They have branches, 

- The branches are irregular. There is no symmetry to 
the way they grow . 

- They have mud on them. 

Ask tho children if they think that all plants have or need 
roots. Then have them teil why. Their reasons for having 
roots might include to got v/ater, to hold the plant up, to gt^t 
food, and to hold the plant in ane place. Reasons for not 
needing root-; might refer to the fact that cut flov/ers can be 
::ept m v;ator, 

A-copt the ideas offered, and then ask the children what they 
think v. ould happen to the coleus plant they see before them 
if it didn't have roots. List their predictions on the board so 
that you can refer to them later, 

- Tne plant v/ould die, 

- It v;ouid grov; novj roots, 

- /no It v/ouldn't be able to get water. 



Asu hov; the chiiuren could chock their predictions of what „ 
v;ould happen to the plant if it didn't have any roots. They 
rr.ight have suggestions for experiments. Try some of them. 

anon J them be sure to include the experiment we describe 
m dutai) here. 

One -vay to find out what would happen to a plant if it didn't 
have rpots is to cut the roots off. Take one of the coleus 
plints; and tell a child to cut through the stem below the 
bcttom leaves, and then insert the cut end of the stem into 
the soil in the same pot, a little distance from the original 
base of the plant. The stem should be inserted deeply enough 
to hold the olant steady. A pencil can be used to make a hole 
for the stem. 



Ask the children to observe the two plants side by side and 
toll you v;hat is the same about them and what is different. 

Their ansv/ors may include the following: 

— They have the same kind of leaves. 

— One of them doesn.'t have any roots. 

— The leaves are about the same size, but one plant is 
shorter than the other. 

If no one comments on their condition, ask whether they look 
-qually healthy. 
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tu^b^^d plant f^r c :)n:pariSon. 



r ro' nov/ on, th^ t^/zo plants v;ill bo treated in the same v;ay 
to se*:' v/h^thor thorr^ are differences in the way they respond. 



The plant v/ith roots will bo the control in the experiment, 
(The children used controls in Unit 23 to help them remember 
v/hat something looked like before they began experimenting 
v/ith n.) 

Ask the children how they v/ill be able to tell if the plant is 
getting along all right without the roots. Ask what would be 
evidence that the plant doesn't need roots. What would be 
evidence that the plant does need roots? 

Most children will say that they think the plant without the 
roots will die. Ask them what a dying plant looks like. How 
v/ill they know if it is dying? They should be able to decide 
that if a plant is dying its leaves will be droopy and the plant 
will be limp. 

Mow placo both plants in the sunlight. Do not water the 
plants until both are wilting. It may take from two hours to 
two days for them to begin wilting, depending on the sun- 
light, humidity, and temperature in your room, and depending 
on hov; damp the soil was when the experiment was started. 

Have the children check the plants periodically. One will 
wilt before the other. As soon as both are wilting, continue 
the activity. (The timing is important here, because if there 
is too much delay both plants may die. A delay of an hour or 
two IS no problem, but a delay of a day might be too much.) 

When both plants are wilted, place them before the class and. 
ask the children how they think the 'pranTs aYe geltTng along". 
Have them identify which plant has roots and which has none. 




Ask if the one v/ith roots or the one without seems to be get- 
ting along better. At this stage the children may have differ- 
ences of opinion, since both plants should be in bad shape* 
Some children will say that the one v/ith the roots looks bet- 
ter, because they think that is the answer expected. It may 
be hard for them to accept the evidence that the one with the 
root also looks bad. 

Then ask the children what they think v/ould happen if both 
plants were watered. After they have had a chance to predict, 
have a child water both plants well, until a little water comes 
out of the hole at the bottom of the pot. Then leave the plants 
where the children can warch them from^ime to time, while 
they go on with other work. In half an hour to an hour the 
plant v/ith roots will have revived. The plant without roots 
will still look v/iltcd. 




Have the children discuss the differences between the two 
plants at this stage of the experiment, and then ask what con- 
clusions they can come to. When a child draws a conclusion, 

ask v/hat his evidence is. ' 

Many children make dogmatic statements based on limited 
evidence because they "knew** what was going to happen be- 
forehand. Tr/ to help them put aside prior opinions and just 
look at the evidence of the experiment. 

With the limited amount of experimenting the class has done, 
It is appropriate to draw only limited conclusions. When the 
•--hildrr^n mako rjonerali7,ations for Vw'hich they havc^littlo evi- 
dence, remind them that conclusions should be based on evi- 
dence rather than just on opinion. 



In the case of this particular experiment, a reasonable con- 
clusion is: 

- The roots are useful for getting water into the plant. 
The evidence for this conclusion is: 

- When we \Vatered both droopy plants the one with roots 
revived quickly but the one without roots did not. 

Note the limitations of the experiment and the conclusion that 
can be drawn. The experiment has shown only that roots are 
part of the plant's water carrying system, and that they help 
get water into a plant quickly. The experiment does not show 
chat roots are always necessary for plants. 

Roots serve several functions. One of these is that they help 
plants survive extreme drought.' Because of the large surface 
area of the roots, a whole plant is able to absorb water 
quickly. On the other hand, a plant without roots absorbs 
water much more slowly because water can only get in through 
the very small area of contact between the stem and the bit of 
soil it is touching. Some plants grow new roots when kept in 
moist sand or soil. If they do not, they will not survive very 
long. 

Activity B 

This last activity shows how some plants survive extremely 
- adverse conditions . - 

You should now have two pottecl plants, one healthy coleus 
(with roots) and one droopy coleus (without roots). Put the 
plants aside in a well-lit place but not in hot sunlight. 
Water them regularly, as needed. (Plants should be watered 
thoroughly whenever the soil gets dry, and then should not be 
watered again until the soil gets dry again. Overwatering, 
causes rotting of underground plant parts.) - 

Have the children keep watch over the tv/o plants. In a week 
or t^vo they will be able to make an observation. ^ The plant 
that they thought was dying did not die after all. Sofne of the 
most droopy leaves on the cut coleu;> will have died, but new 
loaves will be growing. The children can dig up the originally 
rootless stem to find that new roots have grown. 



Changes will also be apparent in the piece of stem attached 
to the original root, from which the upper part of the plant had 
been cut. The stump of stem will have sprouted new leaves. 




This demonstrates the coleus* ability to replace parts it has 
lost. 

Tell the children that some plants will, grow new roots and 
others will not. Ask them to tell about any other plants that 
they know that will do this. If they have no suggestions be- 
cause of lack of experience, they may like to set up experi- 
ihents with several kinds of plants to find out which ones will 
grow new roots . 



I 

USTiVG A MAGNIFIER 

You can get a wider field of vision through a 
magnifier if you hold it close to your eye. In 
order to adjust the focus, move your eye and 
the object closer together or further apart. 

If you and the object remain stationery, you 
■\djust your focus by moving the magnifier up 
and down until you get the clearest image. 
The magnification will be the same either' way, 
but when tho magnifier is further from the eye 
the field of vision is much smaller. 
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Losson 10: THE STEM 



The children investigate what happens to the water after it 
enters the roots of a plant. They first distjuss where water 
might go from the roots, and then they go on to a.detailed 
study of celery stems. They see that when a celery stem is 
set in a cup of colored water, the dye from the cup soon shows 
in the leaves. They break the celery stem and find that the 
dye has gone up through the strings, 

OBJECTIVES 

In the course of this lesson, the children should be able to: 

— Interpret the presence of red color as evidence that the 
colored water in the cup traveled up through the celery 
stem and leaves, 

— Interpret the red color of the strings and. veins to mean 
that the water travels along those particular paths, 

— Interpret lowering of water level in cup as evidence' that 
water went up through celery stem, 

— Describe roots, stems and leaves as parts of the plant's 
-water carrying system, 

MATERIALS 

for the class ~ 

— the unpotted coleus plant from Lesson I 

— sharp knife or razor 

— plastic cup 

— masking tape ^ 

\— 'plastic bag or plastic wrap 

— I bottle red food coloring 

— gallon container of water 



— for each child 

- a celery stalk with leaves 

(You ^viU need two or three bunches. Keep celery in a 
plastic bag and refrigerated until needed. Wilted celery ' 
v/ill not draw up water- well enough,) 

- magnifier 

- 16-02. plastic cup 

PROCEDURE 
Activity A 

In the last lesson the children experimented and discovered 
that w^ater went into the plant through the roots. Mention 
this / and then ask where the children think the water goes ^ 
after it goes into the roots. List their ideas on the board so 
thafthe class can go back and look for evidence to support 
them. The children may suggest some of the following: 

- Water goes into the plant, into the leaves, 

- It stays in the roots, 

- It goes back out of the roots into the soi]* 

It goes up the stem, ' ^ 

Most children will think that water goes into the plant, be- 
* cause they found that after they watered the wilted plant in 
Lessen 9 the leav.es became firm again, 

ir WE THInIc water goes INTO THE LEAVES , HOW DOES 
IT GET THERE? (Through the stem,) 

Bring out thb coleus plant that you put in a jar of water in 
Lesson 9, Ask the children to tell^what they think the stem 
is like inside, 

m 

Gut the plant from the root .and cut thg stem into several sec- 
' tions. Pass the pieces around so the children can feel them 
and look at them. Ask them to describe some properties of 
the coleus stem. They may mention that it is green, square, 
slender, long, wot on the cut end, solid in the center, and 
has no visible tubco. 



Then shov/ the class a stalk of celery and tell them that it is 
a kind of stem thatjs easy to study because it is so jarge. 
Cut k into sections and pass them out so the children can 
compare the celery stem with the coleus stem. They will see 
light green dots that are not visible in the' coleus. They will 
learn later that these are the cut ends of water carrying tubes, 
but do not tell th^m^now what they are. 

Remind the children that we have been talking about whether 
water goes up through stems into plants, and ask them to 
suggest experiments that" might help them find out. As ustial, 
accept all suggestions, and help the children set up experi- 
.-fnents to test their ideas . Described, here are two experiments 
/ that.ypu should be sure to include. The first is a demonstra- 
• ''xtion and the second is an experiment that all the children^ 
should do. Both are based'on observing what happens when a 
stalk of celer/ is put into a cup of water. 

Activity B ■ 

This is a demonstration that you should have some children 
set up. They should make a fresh cut across the bottom" of a 
- stalk of celery and put the stem into a cup of water. Have 
them mark the level of the vs^ater and then cover the cup v/ith 
plastic to prevent evaporation. A drop in the level of the 
water v;ill be evidence that the water went up the- celery stem. 
Put the setup m a well lighted" place, and then go on to the 
• . "next activity. 

\ ^3 





Note: The change in 
water l<?vel will be 
more apparent if you* 
use a narrow glass. 



ctivity C i 

After the demonstration In Activity B has bpen set up, but 
before any results have been observed, proceed with this 
experiment, which is the main activity of the lesson. 

Ask the, children how we would know if the;water was going up* 
into the stem. Has any one af them ever seen water going up 
into a plant? Ask why this, would be difficult to see. (Be- 
cause water is colorless and plants aren't transparent.) Ask 
if there is anything we could do to the water so that we might 
be able to see it in the plant. If no child suggests it, tell 
them that food coloring might make the water easier to see. 

Then let several children predict what would happen if colored 
water ivcnt into the stem, and have them describe what they 
expect to see.. 

Each child will Hp this experiment. For a class of 30 you will 
need about a gallpn of colored waters Prepare it irv front of 
the class by adding enough red foo<i coloring to a gallon of 
water to make it a d^eep red. Give each child a plastic tumbler 
and have him label it with his name on a piece of masking 
tape. Then pour four to six ounces of colored water into each 
tumbler. * ' ^ 

Have a^child get the cer«?ry from the refrigerator. Make a 
fresh cut across the bottom of each stalk of celery just before 
you give it to a child. He should place it in the colored water 
immediately I so that the cut end does not have a chance to 
dr/ up. 

Prepare a similar setup for yourself, so that you can keep 
^ v/atch to see v;heh to be^gin Activity D. The length dTtime re- 
quired for the colored water to be drawn up the celery stem 
and into the leaves depends on the amount of light, heat and 
humidity in yourxobm and the condition of the celery. It 
should take two to four hours . 
« 

Go on to some other work, and when the celery leaves s.jow 
tinges^ of red, return to this experiment. % 



Activity D 

Make a fresh cut a shdrt distance from -the end of each staik 
of celery. Have the children look at the cut ends with m^ni- 
fifers and describe or draw what they see. Have theoi coynt 
the red dots and notice that all the stems don't have the same 
number. The children may recall that in the celery cross- 
section they looked at earlier, the dots were green. ASk what 
they^ think thQ dots are. What made them red? 



Then have the children break a piece off the ends of 
stales and pull the si 



heir 




Tell the children thatjthe strings are tubes. Ask where they 
think the water went from the tubes in the stem. They should 
notice the red tint in the leaves. Have them tear across a 
"^.eaf and use their magnifiers to look at the torn edge. They 
should be able to seeded dots in the centefr of the veins. 
From the surface of the\ leaf the veins look green because the 
walls of the veins are tV)o thick to let the red show through. 
The tissue of the leaves^ is thinner, so thfe red can be seen 
more easily. 

Ask the children what they have observed so far to be part of 
the Mant's water-carrying\system. They should be able to 
summarize: 



1^ 



- roots . 

\ J 

^ - stems 

^ — leaves 



Tell them that you will study the leaves and what happens to 
the water in them the hext day. 

Activity E 

Check the demonstration set up in Activity B. If the water 
level is considerabl y lower, have the children Iryik nt it, (Tf 

n o t, wai ttttrthe next day J Mark the new water level. The 

children should be able to interpret the difference between 
the two water levels as an indication of how much water went 
up through the celery stem. 



\ 
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Lesson 1 1 : THE LEAVES 



In the previous two lessons the children found that water 
enter? the plant through the rooU and travels up the stem to 
the l«ives. Here they Investigate what happens next. Does 
the water stay In the leaves or does It travel further? The 
c'nildren list their ideas and set up experiments to find out 
which are correct. Among the e]q>eriments , you should in- 
clude the one that is described here in detail. It demonstrates 
that water comes out of the leaves in the form of water vapor « 
which can be trapped in a plastic bag and will condense on 
the IrtSlde suriace ot the bag in watef"afc<H>le». 

This lesson will take two days. 
OBJECTIVES • i 

During this lesson the children should be able to: 

- Decide on experiments to detect the presence of water. 

- Interpret the results of their expmiments to indicate that' 
water comes out through a plant's leaves in the form of. 
water vapor. 

- Identify roots, stems and leaves as parts of the plant's 
water carrying system. 

MATERIALS 

- 2 coleus plants, preferably one with branches 

- 2 large Baggies 

- 6 small Baggies ■ 

- 2 wire twists 

- 2 strips cobalt chloride paper 

- gooseneck lamp (optional) 

- Worksheet 21 

- Adventures in Ltyino Plants , by Edwin B. Kurtz, Jr. and 
Chris Allen, University of Arizona Press, Tucson, 
Arizona, 1965. 



PROCEDURE 



Activity A 

Remind the children that yesterday they saw that water tra- 
veled up the stems of the celery and into the leaves • Ask 
them where they think the watar. goes next. Encourage the 
children to describe as many possibilities as they can. Their 
ideas should be listed on the board so that the class can go 
back to consider what kind of experiment could test each. A 
list of suggestions might include someijf the following: 



1 . The water might stay in the leaves, 

2. It might go back down into the soil. 

3. .It might come out of the leaves. 

How could the children find out what really happens? Ask 
how they might test each idea, and help them find ways to 
make the tests. Possible tests for the three ideas listed 
above are described here. The class can work together to 
develop appropriate tcts for the ideas they suggest. Basic 
to ail the tests is this: If water is present in or coming out 
of a particular part of the plant, it should be possible to see 
evidence of its presence in one way or another. 

Each class will decide upon and set up its own experiments. 
Set up as many as possible at the same time, depending on 
how many plants you have. The third experiment described 
below should be included with others the children suggest. 

') If water stayed in the leaves , the leaves should get fatter 
and fatter, since the plant keeps taking more and more water 
up from the soil. Observation will tell whether this happens. 
The children have seen an example of exactly this kind of 
thing happening, when the wilted plant was watered and the 
leaves "fattened" as their crispness was restored. The chil- 
dren will see, -however, that there is a limit to hOw much 
water the leaves hold. They do not puff up beyond their, 
normal thickness. Therefore, through observation they can- ^ 
conclude that the water does nbt stay in the leaves. 
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2) If the water went back down the stem into the soil , it 
could be used again by the plant, and the plant would not 
need to be watered ov^ and over again « How can this be 
tested? If the idea that the water is reused is correct, the 
plant should thrive without further watering when the soil is 
covered with plastic to prevent evaporation. If the plant set 
up this^way wilts and the soil und&r the plastic cover gets 
dry, it shows that the water is not going from the soil into 
the plant and then back into the soil. It must be going some- 
where else after it goes from the soil into the plant. 



Set up your experiment and puTtne pianiraside in a w^ll ^t 




It may take as much as a week for the plant to wilt, depend- 
ing on the size of the plant, the amount of soil, and how 
recently it was watered. See that the children give the 
experiment plenty of time and don't try to draw premature 
conciusions. 

3) If the water goes out through the leaves or the stem , there 
should be some way to verify it. The first step would be to 
examine the leaves to see if they are wet*. (Some plants ^ 
actually do form drops of water at their tips, but coleus 
doesn't.) / ^ • 

When the children feel that the leaves ate dry, ask them 
whether this really rrveans that water doesn't come out of the 



leaves. Ask them if they know of any other fom that water 
takes, where it doesn't feel wet, (The children have had 
some activities with water vapor in second gride, but may 
have forgotten it. Use as much of the following as you find 
necessary. If the children respond Immediately showing 
familiarity with water -vapor, skip the next two paragraphs.) 

Wipe a wet sponge over the blackboard. Then ask if the 
board Is wet or dry. As the board dries , 2|sk where the water 
is going. (Into the' air.) -Another example they might t^lk 
about Is what happens tocthe water In wet laundry v^e|| the 
laundry hangs on a line and dries. ^ 

The children are not expected to undCTstand how or why water 
goes into air. This is m»ely a demonstration that It does. 
If they still have problems accei^tlng the notion that w^teft 
can go into the "air in an invisible form , bOTfow Unit 2D from 
a second grade teacher, and review with the class th|6 water 
vapor activities on pages 100-102. 

Resume the plant activity here: - » 

Remind the children that our original question was to find out 
whether water came out through the leaves. We saw that the 
leaves were dry, and we asked whether the water might come 
out in any other form that didn't seem wet. Now we have 
found that there is another form in which water might be 
coming out, that is, water vapor. 

Ask the children for suggestions as to how we could trap^ 
water to prove its presence i'f it were coming out of the leaves 
in the form of water vapor. If the clUldren do not suggest 
using a plastic bag, show them one and ask If they think it 
might be useful. 

Have a child check the bag for leaks by blowing air into it. 
Then the bag should be placed over the ple^nt.and fastened 
snugly around the main stem^ Water the plant and set it 
aside where It can be looked at every hour or two until re- 
sults are observed. If you wish to complete this activity on 
the next day, set the plant on a windowsill where it will be 
in daylight but not in direct sunlight. If yoif wish to complete 



It on th^ same day," set the plant under Its plastic bag about 
18 inches from a lOOW bulb In a gooseneck lawp. The bright 
light will speed up the experiment. (If you do not have a 
gooseneck lamp, you can Improvise one by shaping a reflector 
of Aluminum foil.) 




In two to lour hours under a lamp (or the next day in daylight) 
the plant will* have given off enough moisture that fine' drop- 
lets will have formed on the inside surface of the plastic bag. 
The longer the plant is in the bag; the more moisture will be 
collected. (If the plant is left too long under toO bright a 
light, SO much molstUre will be given off that the plant will 
wilt permanently. The plastic bag malj^s for a high tempera- 
ture, such as what you get In a closed car In sunlight, and 
the; heat Increases the rate of transpiration.) 

Have the children tell what they observe when they check the 
experiment. They will see droplets of a clear fluid on the 
inslcfe surface of th*e plastic bagi Have them describe the 
properties' of the liquid and ask what they think It Is. Many 
will think It Is water. Some children have suggested It might 
be a plant waste product or sweat.* Ask If the children remem- 
ber how ybu can test for water. Show them a strip of cobalt 
chloride paper and ask if they know what will happen If you 
wet it. Put a 'drop jof water on it and show them how It turns 
pink. Remind them that In second grade they had done experi- 
ments with cobalt chloride paper showing that other fluids did 
not turn It pink, so It can be used as a test for water. 
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Remove the'plastic bag from over the pfant, and give a child * 
a fresh strip of coba.lt chlcride papar with vyjrhich he can test 
and find th^t the droplets in the bag are. water. 

Recall that we wanted to find out where the water went after 
iu got into the leaves of the plaYit, and ask the children what 
they have learned about that question from their experiments. 
Give them time to draw conclusions. 

Then tell the class that we have experimented and. have seen 
that the water went into the" air. Are there any^ways that we 
could test ^o find out if it really came out of the leaves? 
•Where e^lse could it have come from? List the children's 
ideas, and keep the list on the board to serve as a guide in 
setting up experiments to test the ideas. Tell the class to 
think over experiments they would like to set up the next day* 
t * 

Activity B 

Start this lesson in the morning and set aside some time in 

r^he afternoon to complete it. (The afternoon session will be 
brief.) 

Refer to the list made at the end of <the last activity. The 
children may want to add-other ideas about where the water 
in the plastic bag might have come from. The list may in- • 
elude the air, the bag material, the stems, the leaves, the 
buds, the whole plant. Ask how the different ideas could be 
tested, and help the children set up experiments.; Be sure 
that they think through their experiments enough to be able to 
tell what they are testing for and how the results will give 
answers to their questions. For example, a plastic bag over 
a stem stripped of its leaves should test whether water comes 
out of the stem. If there is water in a bag over a stem with 
leaves , but no water in a bag over a stripped stem , they 
should be able to conclude. that the water came from the 
loaves. * 



This diagram combines several possible tests: 



Sag over stripped stem 
on plant 



Bag over steift with 
lelaves on plant 




Bag over leaves 

removed from plant . ' Bag over bag, " 




-When the experiments are all set up, they should be placed, 
under a lamp as in Activity A, Observations can be made and 
conclusi9n§ can be drawn the s&me afternoon. If you put the^ 
experimental setups in a window (without sunlight) you will ^ 
have to wait till the next day, (A sunny window will produce 
quick results, as does a gooseneck lamp^, but you have to be 
careful not to overheat the .setups.) 

Pfavc the children turn to Worksheet 21 an^ draw pictures of 
the experimehts that were set up. Then they can g6 on' to 
other work. * • ' ' 

I 



'Activity C 



When at least one of the bags shows a good coMectlon of 
water droplets, have the children observe the results of their 
' experiments. They should look closely at the bags to decide* 
which have moisture in them and which do not. They should 
be able to come to the conclusion that in the previous experi- 
ment (In which the bag covered all plant parts above the soil) . 
/ the water probably came out of the leaves, because In this 
series of experiments theife Isn't much^molsture In the bags 
that don't have leaves in them, and there Is Visible rpolsture 
in the bags that contain leaves. 

Have the cHildren'flll In experimental results and conclusions 
as directed jat the'^bottom of Worksheet 21 . 



Vorktlwet 21 

»nlt » 
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Draw dictum that ahcw the txparlaanta you a«t ^ 
to find out «haro th« wator caat froa. 






Drow aatar 4roM In any oxparlatnt nhtro you a«« 



autor 4r«9a after a foo hour*. 




Put an X over any oxporlaent that 414 not hava 
aatar 4ropa. 




Activity D • * ^ . ' 

Read Chatrtgryi^f ^dVigT^ Living Plants by Kurtz and 

Allen, and retell it to the children in third grade language. 
It is an exditing story of a tirip through a plants "plumbing 
system made by children who have taken a reducing pill. 
They have tb wear diving i^uits and fight the rapid current. 
Read only ^om the beginning of the chapter until the children 
get up .to t^ leaves and look out through the stomates. (Sto- 
mates are microscopic holes in the leaves through which the 
water passesi/into the air.) 



Lesson i2: WHAT ARE THE PARTS OF THE SYSTEM? 

.In the first activity the children -'raw diagrams of a plant's 
water carrying system. Since each ma^ces his own decision 
on what parts are necessary, the diagrams may not look 
alike. Some children will include dnly roots, stems and 
leaves. Others may want to incWde tubes, soil, water and 
even the air. The children should be able to tell the class 
their r.easons for their choices of what they include and what 
they leave out of the plant's water carrying system. 

There is no "correct" interpretation of what should be in- 
cluded in the system. This lesson is an excellent way to 
help the children understand that a system is really man's 
analysis of way of looking at natural things. One can make 
his own decision as to what the system is to include for his 
experimental purposes. He can limit his system or make it 
broad,, depending upon what he is trying to learn about it 
^ and what experiments he is setting up. 



In the second activiti^ the children jcompare the water carrying 
system^ Of different plants. The systems of all leafy.plants 
arfe^sically the same, in that they include roots, stems, 
and leaves in some form. Hovvever, there are very different- 
fooking roots, stems, and leaves that are adapted to pdrtidu- 
lar environments. T\ie children look at pictvhres of different 
plants and identify and compare the structures. In the^e 
pictures roots are the easie^pt to identify and stems the most 
difficjjflt. Roots are usually underground and branch irrpgu- 
larlyy Stems can be Identified because they always bear 
bu/re and^ leaves arranged in a definite pattern. (In the case 

a*runner, as in the strawberry, new plants grow from the 
h\x4t. The potato is an underground stem, and the eyes are 



tiny buds.) 



\ 



\ 



Finally, the children consider how different plants might be 
suited to different environments.' 



OBJECTIVES 



Each child should be able to: 



- Draw and explain a simple diagram of a plant's water 
carrying system. 
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- Compare the water oarrying systems (roots , stems , and 
leaves) of different plaits. ' ' ■ ^ - 

- Discuss ways in which different kinds of roots, stems, and 
leaves might be more bspful irf particular kinBs of environ- 



ments. 
MATERIAtS 



- Worksheets 22 and 23 

- green onions (optional) 



PROCEDURE 



Activity A 



Have the childiren turn to Worksheet 22, on which they are to 
draw and label a picture of a plant's water carrying system. 
The children may work individually or in pairs. 



Worksheet 22 
Intt 29 



PUnt't Water Carrying Syttes 



air 




roots 



Each child should consi- 
der the plant's water 
carrying system, what he 
thinks is part of the .sys- 
tem, and why. After the 
children %ink it through 
for themselves and have 
made their drawings , 
they should have an op- 
portunity "to discuss and 
share what they have, 
done with the^ class. 

By the end of the activity, 
each child should have . 
recorded his ideas of ' 
what the parts of the sys- 
tem are, and he should 
be able to explain why 
each part is included. 
His diagram s'hould be 
labeled with the names 
of the plant parts and 
with Arrows showing the 
direction of water move- 
ment. 



f 
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This worksheet illustrates variations in plant structure* 

STRAWBERRY: The runner is a stem that goes along the ground 
and sends up new plants at intervals. 

TREE: The tree trunk is Its stem. 

VINt: This stem is pliable, long and twining, uivlike the tree. 

CAPvROT: The stem is the h.ort. chunky greenish section be- 
tween the large root and the feathery leaves. 

ONIQJf: The rings of the bulb are actually part of the leaf 
structure* The stem is the small a|ea from which the bulb 
scales (rings) rise and the roots descend. 

V WHITE POTATO; Tftis plant has two kinds of stems. Abovo- 
groynd stems have leaves . Underground storage stems are 
'the potatoes, e.nJthe buds on them are the eyes. 
' . ' ' f 



Activity B I ' ' ' 

Ask the children if they think all plants have the same kind 
of roots, stems and leaves. Have them iurn to Worksheet 23 
and see if they can tell which are the roois, r,tems and leaves 
on each of the plants. Give them time to ^abel as many plant 
parts aps they can. \ 

.'^^*' rrta class discussion ask children to tell hoV they labeled 
* ' the parts of the tr§e. It is unlikely ^hat ther^ will be much 
disa^ement on this, though some Children m^y find it hard 
to conceive of the tree trunk as a stpm. Go oi^ to the vine, , 
on v^hicXthe children should also b^ in agreem'^nt. Then ask 
* how they labeled the parts of the other* plants. \Now there is 
bound to be disagreement, since the plants wer^ chosen to 
illustrate great variety in plant structure. 

After the children have had a chance to express themselves, 
tell them th^t some of the plants show special kinds of roots, 
stems and leaves. Tell them the correct identiflcattion, using 
-as much of the information on the facing page as ydu think 
appropriate. The purpose of this worksheet and dlstussion is 
simply to help the children understand how much vatiety there 
is^,in plaftt structure, and to show that though other plants may 
seem very different they do in fact have a basic similarity to 
the coleus ^fjnd.the cele¥y the children investigated in detail 
in the earlibr lessons. ; 

(It would be interesting to being a few green onions into the 
classroom and let the children take them apart to see how the 
.white -layers of the bulb are each continuous with a long green 
hollow leaf. They can see how this structure is different from 
the coIdus and the lettuce leaves. They can also see the un- 
u^^ual stcrr. — the compaci stubby section at the base of the 
hulb from v;hich the ro6tr> and loaves qrow.) 

Then have the class discuss ways in which different kinds of 
roots, stcn>s or leaves might be more appropriate or useful in 
different environments,. Ask questions such as these: 

^ WIIAT KINDS OF ROOTS MIGHT 3£ USEFUL IN DRY PLACES? 
i:: WINDY PUCES? 



HOW COULD A LONG SI^EM BE USEFUL? 

HOW WOULD A LARGE, i^EAFY TREE GET ALONG IN THE 
DESERT? WOULD THAT Bp A GOOD ENVIRONMENT FOR 

IT^ 

\^ 

Lot the children share their ideas. Thfis discussion should 
help the children become awar^ that some plants' water car- 
r/ing systems are better adapte^ to one environment than to 
another. If the children are interested in going into further 
detail, teU them that dandeHons\grow almost everywhere, 
and ask if anyone knows what kirvj of roots they have. Ask 
if they can think of some reasons Why it would make a differ- 
ence if a plant had one kind of root or another. Suggesc that 
some children dig up some dandelidfi plants to bring in. They 
should try to get all the roo.s. While t^ey dig they should 
notice the moisture in the soil. Is ii more moist near the 
surface or deeper down? If the childi^en are interested, they 
can investigate plants that grow in wet places, dry places, 
open fields and heavy forests, and coriipare the parts of their 
water carr/ing systems . \ 

\ 



\ 

\ 

\ 

\ 

\ 

\ 

\ 



* 



lesson 13: HOW MUCH WATER GOES THROUGH THE SYSTEM? 
^ - 

The children have seen that water enters the plant through the 
roots, travels through the stem to the leaves, and then out 
from the leaves into the air. An interesting extension of 
these activities is to find out how much water passes through 
assorted leafy stems . 

The children place the stems of coleus and other plants in 
colored water and observe the change in water level in the 
container as the water goes through the plant and into the air. 
They find that each stem takes up a different amount of water. 
The rate of transpiration (water loss) is dependent upon numer- 
' ous factors including size and type of plant, amount of leaf 
area, humidity, breezes, and temperature. 

Start this lesson in the morning. It can be completed in the 
afternoon or the next day, depending on conditions. 

OBJECTIVES 

During this lesson the children should be able to: 

- Interpret change in water level as an indication of how 
much water a plant stem has 'taken up. 

- Record information in tabular and diagrammatic form, 

- Identify the role of a control. 

- Interpret the results of their experiments as showing that 
all plant samples cannot be expected to have the same 
transpiration rate. 

MATERIA! 3 
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- dosortcd plant stems 

/ • tSfo description belov/, under "Preparation.") 

- large transparent plastic straws (one for each stem) 
" - green food culorinq 

- 1 iT.edicine '^iroppcrs 
rnaskinq tape 

- v/Qtcr 

- Worksheets 24 and 25 
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PREPARATION 



Select an assortment of steins with leaves that are long and 
slender enough to fit well down Into a large plastic drinking 
straw. (You can strip a few lower leaves off ayshorteY stem.) 
Place them in a containfer of water until you are ready to' use 
them. Choose some with large leafy areas, because they 
will transpire more quickly and the change m water level will 
be more marked. Try to get stems from many types of plants - 
shrubs, trees, tall grass, vines, hpuse plants. 

Prepare %Ke straws by making a sharp 

bend an inch from one end and fasten- * • 

ing it with masking tap^... 




Add food coloring to one quart of water. 



PROCEDURE 



Mention to the children that they have identified the different 
li^rts of a plant's water canying systerrv by doing many experi 
ments, but ohe thing that they haven't e^tplored is how much 
water goes through the plant's water carrying aystem in a 
given period of time. Ask if the childr-en think that all plants 
take up about the same amount of water or If some take up 
more water than others. They shotild discuss some of their 
experiences which make them think that plants do or do not 
need similar amounts of water. ' , - 
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Ask the children what kinds of experiments they might set up 
"to investigate the question. The children may wish to set up 
other experiments as well as the- one suggested below- and 
should be given opportunities to do so. 

■6.' : 



Bring out the assortment of stems that you have cpllected and 
show them to the children. Mention that these are just parts 
\ of plants and We might get different results with whole plants « 
\ but we can still find out something about how much watw is 
taken up by these stems. Tell them that to find out how much 
water these stems take up we could put the stems in water 
and measure the change in water level. Show the children the 
taped straws and the colored water that you have prepared. 

Let|different children use medicine droppers to fill Qach of the 
taped straws to about Qne inch from the top. Place a piece of 
masking tape hprizontally across a window. The straws should 
then be attachgd to t he window ^ane with transparent tape so 
that the water levels are lined up with the bottom edge of the 
masking tape. Let the cljildren see that the edge of the mask- 
ing tape serves as a marker for the water level in each straw. 



X 



< 




Then have children put a stem into each straw. The' water 
v.ill now rise to different levels, but the children should 
understand from their displacement activities in earlier units 
that this does not mean that the amount of water in the straws 
has been changed. (If anywater rises high ^ough to spill, 
'.:ou should remove the st^T?and make a mark Vo show the 
starting water level for thi^t straw,. and then r4folace the 
stem.) 
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Tell the children that they will chQck later m the day to see 
,hovv much water the stems took up. Ask the children what "the 
evidence* will be if the plant has taken up some of the water. 
They should expect the level of the water in the straw to be 
lower than it is now. 

Ask the children to suggest a control' that could* be set up to 
show if the missing water really was tak^^n up by the plants, 
or if the level would have gone down even if there were no 
stems in the straws. Have- one of them fill a straw with 
colored water and tape it to the 'window, but put no plant 
into it. 



Have the children ttirn ta Worksheet 24 an|i write the name* of 



)n|| ' 



the plant?; that they are using for the expeftment, one at the 
base of each column. Have them draw pencil lines where they 
think the water level will be on each straw in the afternoon. 
They might discuss whether they think all of the plants will 
take up about the same amount or whether some plants will - 
take up more than others. They should tell why they think as 
they do. 
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Control 



Coleun' 



I- 



Chance of wiitcr level 
tn centliMter* 
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In the afternoon have the children look at the straws to see 
how much w^ter was. taken up by the stems, (If there has 
been very little change, delay the rest of this lesson until 
the next day.) ' t 

Ask how they can compare the water levels now with what - " 
they were at the beginning of the experiment. They should 
remember that the bottom edge of th'3 masking tape was the 
marker for the water level at the start, .To find the present 
water level they will have to remove each stem, (tt may be 
neces*sary to review what they observed yesterday about how 
the water rose to differejnt levels because thicker stems dis- 
placed more water than thiwTJties did.) 

Now the children can measure the distance between the two 
water levels to find out how much the level dropped. A few 
, children should make these measyrements and report them to 
the class ,so that all can fill in the table on Worksheet 25. 
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Then the children can work alone or in pairs to transfer the 
information from the table on Worksheet 25 to Worksheet' 24. 
Here they are^to measure the distance from the lower edge of 
the masking tape, draw a line to represent the water, level on 
the straws, and color the portion of the sttaw below that line 
to represent the remaining water. 
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^ Have the children discuss how much water was taken up by 
■'the plants. The discussion should be based on their direct 
observations and the experimental data. During the discus- 
sion they Tnight co?isider the following questions: 

^ DID ALL THE PLAnVs TAKE UP THE SAME A'MOUNT OF- 
WATER? • ■' ■ , 

WHICH PLANT APPEARS TO HAVE TAKEN UP THE LEAST 
WATER? THE MOST? ^ , 

WHAT HAPPENED TQ THE CONTROL? -WHAT DOES THAT 

TELL Us? 



-J 



Ask the children if they have any ideas about why the plants 
took up different ^^mounts of water. They have lltEtle basis 
for any conclusions, but they should be encouraged to spe- 
culate. Be sure that they recall their activities shoWing that 
water comes out through plant leaVes. They should be able 
to relate this to their discussion about how, much water was 
taken up by the plants. If necessary, call their attention to 
the ditferences in numbei^of leaves on each stem, and the 
differences of leaf area and leaf thickness. 
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Lesson 14: WATEI^ IN LEAVER ' ^ ' 

Our attention has been focused on how water enters a plant 
and goes'through itr. This lesson demonstrates that water does 
ndtj'ust pass through the leaves but alsoiremaiJ^ in the leaf 
tissue • (Water is needed for all the physical ^nd chemical 
changes that take place in the plant.) 

T,he children fipd out how much^f the plant tissue itself is 
•composed of water. They weigh a lettuce leaf / let it dry out, 
and then weigh it again" lo see how m,uch water \he leaf has 

They al^o compare the rate of water loss of lettuce and cab- 
"bage leaves, and consider how fate of loss relates^to the 
kinds of conditions under which different plants cah thrive. * 

The lesion concludes with a summary telling that water is 
used by the plant to make food. 

' Tliis lesson will t;ake two days.' / 

OBJECTIVES ' , 

In this lesson the children: . =• 

. i - • 

- See that there is water in leaf tissue. 

) - See that leaves dry out faster in some kinds of plants 
thaji in others. , ^ 

- Are told that plants use water for making food. 
MATERIALS ' ^ L 

. : - .beam balance , ^ ■{" , 

■ ',' . . • 

' - two^ 12-02. tall clear plastic cjaps . \ 



f 



- 'lettuce leaves -(several) 

- cabbage leaves (several) / 

- a few leaves of succulents (fleshy- leaved plants auch as 



jade plant, aloe, hen-and-chickens) 



/preparation. , * 

/ Use masking tape to attach plastid cups to the beam balance. 

' ■ . ' i •■ ■ ■ 1 





PROCEDURE 



Activity A 



Remind the children that they have seen how water is taken up 
by a plant and comes out of the plant through the leaves. Ask 
if theji think the water just^ass^ through the plant or has 
4stopping-t^ff places. 

Then show the children the assortment of different typ^s of 
leaves. ' ^ • ' 

• ♦ 

DO YOU THINK THERE IS WATER IN THESE LEAVES? HOW 
MUCH? HOW CAI^ WE FIND OUT? 

The childrei> will suggest various ways ,^ such as cutting a 
leaf and looking inside, ^squeezing one over a cylinder, etc; 

Have' volunteers try the different methods suggested. The 
^^hildren may be surprised at how Watery and gelatinous the ^ 
/interior ofHhe le^lves ptsuQculents is, but they may not be 

able to measure the amount of water present. 

it the chiidren do notT s.uggest it,*proceed as follo:Jvs; 

w'hat would Happen to the weight of a- leaf if the^ 

. leaf miES> QWT? (It would get lighter.) 



DOES THIS SUGGEST A WAY WE COULD FIND OUT HOW 
T/IUCH WATER A LEAF CONTAINS? (Weigh it before and 
after it dries out.) * • 



Bring o^t the beam balance and put a lettuce leaf in one plas* 
tic cu? Balance the leaf with sand, paper clips or some 
other convenient substance. Set th^ balance aside to periitlt^ 
the leaf to dry out, and go on to other work. Have children 
look at the balance occasionally during t-he day arid, see that 
the arm with the lettuce leaf is rising gradually as the leaf 
wilts. 

The next day ask the children to suggest ways ot finding how • 
much ^ater has evaporated from the leaf. Someone may sug- 
gest adding water to the cup containing the lettuce leaf until 
the balance is restored. Do this. When you add^ the water, . 
try tojdo it so that it runs down the side of the cup and col- 
lects, at the bottom., the volume will be more dramatically 
visible if you add the water so that none gets caught in folds 
of the leaf. - . ' 

Nowishow the children a lettuce leaf'and a'thick piece of a^ 
cabb'age lea^, and ask which they think will dry oiit faster. . 
Thenjbalance the two by tearing* off bits of the heaS{ier one or 
by acjding more pieces of the lighter, one, and set the balanced 
leaf isystem aside for later observation. If you ha^e the apprq- 
priatjp plants, you can also balance a succulent (jide, aloe, 
etc.) against coleus or geranium leaves. 

When the results have been obseivec^, ^sk the children what 
they think about the conditions under which each of the plants 
thrive. Can one stand hot sunshine better than another? 
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Activity B - . 

* The' children have studied the water carrying system of plants 
and traced water on its path from the soil, through the roots, 
stems and leavjes, and Intp the air. They might think lli^t the 
plar^ is just a passageway for the water. Remind them that 



they have also seen 
enough water. They 
water in the leaves. 



that the plant will die If It doesn't.^et 
have seen that there Is a ^reat deal of; 
watci ill leaves,..!, Te\l them that the plant uses the water 
to make Its own food^ Plants are not like janlmals, which 
have to take In food from outside their own bodies. Green, 
plants use water, sunshine, chemicals from the air, and 
chemicals within the plants ttiemselves, tp make th^lr own 
. food. (The "plant food" that comes In bottles Is not really 
VJ food at all, but contains chemicals that the plant uses to 
^ make its own food.) 

Animals depend on the ability of plants to make food. Th6y 
are unable to make their food in their own bodies, and there- 
for^e eat the plants. Children who are interested in studying 
this re^tions hip further can look in the library and encyclo- 
pedias fof^pks and articles about food chalris and ecology. 
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NOTE 



In Lesson 9*you cut a coleus plant off from its 
roots and put the stem into the soil. The plant 
wilted, but you were asked to put it aside, to- 
gether with the control plant, water it regularly 
and watch to see what happens. If you have 
not already done "Activity B of Lesson 9, on 
pages 52 and^SS, do it n|K« 



EROSION 



COMMENTARY 

In order to investigate d natural phenomenon it is often helpful 
to set up a model i^ which some elements (variables) can be 
controlled. In this section the children experiment with a set 
o^/thaterials to investigate what factors affect erosion. *They 
compare the results of their preliminary activities with pictures 
that show evidence of erosion in natural settings. Thetfe ac- 
tivities provide a background of direct experiences. Then the 
children decide what elements should be part of a model of an 
erosion system. They tentatively identify incline, soil and 
water as among the necessary parts of the erosion system. 

* Then they investigate how each of these can be varied and how 
the changes affect the total system; 

On a field trip the children can look at the effects of erosion 
in a natural setting. Then they set up a miniAure landscape 

♦ in which they can predict that erosion will occur in some 
areM^and not" in others. 

OBJECTIVES 

After the students finish this section they should be able to: 

- Tell that erosion is the wearing away of soil. (All the 
examples they study will be wearing by water.) 

- See a stream table as a model of a natural erosion system, 

- Relate formations that they see in experimental models to . 
landscapes and pictures of landscapes. 

- Identify sqme parts of the erosion system as incline, soil, 
amount and flow of water, and ground cover. 

- List parts of the system whose change might influence eto-- 
sion in their model system and in ntiture. (These are the 
variables with which they will experiment.) 

- Set up and work with model erosioi) systems in which all 
but one variable is held constant, after the class has 
agreed on procedures. * | 

- Describe and compve the erosion patterns when parts of 
the system (incline, sotl, water flow) are changec^. 
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PREPARATION _ 

For kesson 19 you w.ill need one'ciu? efeh of an assortment of 
different kinds of soil — garden soil (preferably from severah 
different gardens) , soil from a constnictl6n area from a - 
rlverbank, etc. Hdve the children firing them in well ahead 
of time, or collect them yourself , .whlchet^er is more conve- 
nient. For Lesson 22 you will also need additio.nal soil. 
Read the lessons now to decide how you will plan to teach 
them and how much soil you will need. • , 



^ ^ 

Lesson -4 5: RUNNiNG WATER OVER SAND 



The Chi kireri -^explore the kinds of things ttiat hiippen ivben 
jvater flows over sand 6n a stream table. They are to expert- 
' ^ ment freely with tke materials. This free approach should 
provide a wide vari^ of experiences. 

After the children experiment they discuss their observations. 
• The lesson should take 45-60 minutes. 

OBJECTIVES'^ 

At the end of this lesson the student should be able to de- 
scribe the experiments he did and tell what his observations 
• ^ were. - % * 

MATERIALS ' * ' 

15 plastic shoe boxes 

- 1 5 small styrofoara trays 

- 15 large styrofoam trays 

- 30 paper cups^ 

t "IS CUDS of sapd ^ - ) 
, — 30 magnifiers 

- 30 medicine droppers < ^ 

- centrally located water supply (bucket or sink) 

• Worksheets 26 and 27 ' * 

PREPARATION . , 

^ The children wl41 be working in pait%. Assemble and prepare 
the materials for a stream table for each two children: 

' - I plastic shoe box 

Z styrofoam trays, one larg^and one small 

(Cut out a large notch at the center of one end of the 

larger tra'y, as ^hown in the diagram on the next page. 

• Cut off one end of the smaller tray as shown.) 
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- 2 paper cups^ " . ^ 

^ (Use a sharpened pencil to poke a small hole in one <7up 
as shown in the diagram. Placenhis cup iralde the second 
one. Put water into the cup with the hole.) 

I 

— I cup of sand « , 

(Pour.the sand on the smalUtray, opposite^ the end that 
was cyt off.) 

— 2 magnifiers ^ . ^ 

- 2 medicine droppers 

Before you teach this lesson, assemble a stream table ac- 
cording to the diagram beic^W. Take the cup with water in it 
out of the other cup and let the water fun through the hole and 
onto the sand. Spend some time working with it to see the 
varietx of effects you getVhen you change the rate of flow , 
' of water; the angle* of the tray holding the sand'« etc. 

ft 





I 



etitt a*. 



One act oC Mt^rUItt iw^nnontttk f«r y^u an^ yayr partntr. 







MMit tray 

•ttk «dl imp of Hand it 




Ur«t trmy witli iwtcft cut ^^^^ 






t aMlclnc Cropper 


9 






mt^r 

■- * t 



t«e your •qulparnt to lnv«»tl<«te tKtoc too <|UMftOft«: 
WMt Jwppen* «li»n oatVr U ro«ro4 oT'"r«tM4" on 
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ttto the next pane to drao plcturoa or or 1 14 aka«t «tet 
yoa 4l4 *lMt yo« aao. 
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PROCEDJURE 



/ 



Show the children an assembled, stream table. Tell them that 
they are going to work in pairs, and each pair will be using 
its 3tream table for several days ; so they will want to keep 
it in good condition. Do not go into -any detail about how' 
they are to use the stream tables^ Simply make the general 
statement that they will be using them to observe the ef/ects 
of flowing Wtrter on sand. 

Tell the children to look at the qu^tlons at the bottom of 
Worksheet £6 in their student manuals. Then ask for^iugges- 
tions about what they-mlght do with the equiplment to find &om^ 
answers to these questions. After they Have offered several 
suggestions , have them pick up their equipment and work In 
pairs to learn what they can about the interaction o{ sand and 
water. * ' 



Have tne children use magnifiers so that they will be able to 
see small-scale effects and observe the movement of grains 
of sand by water. 

, Ttell t,he children that if the sand gets soaked it is difficult to 
do the experiments. Therefore they are to begin with one cup 
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of water, which they^^may use as they wish — poufllig It', 
dropping It with the mjedlclne dropper, or letting the water nin 
out of the little ^le In the^up onto the sand. lAfter they have 
used one cup of water tte chft<fren pay get a s^ond cup firom 
your centrally located water supply. If they use more than 
two cups of water, the sand Is llke\y to slide off the tray. 
*(You may want to have several pitchers of water located a| 
vArlous places In the room.) 

Prepare ti.e chll(ta-en to expect continually changing patterns. 

After the children have had 10 to 20 minutes fof experimenting 
and recording their results , have them set their trays togather 
on a table or side counter. Then havd them walk past all the 
trays to observe the results of their classmates' experiments 
and make }:omparUons . The most Interesting things will hav6 
happened While each pair was experimenting, but the- different 
ways' in which the materials were handled will provide a vari- 
ety of formations on the different stream tables . 

•When the chllcten have returned to the|r desks, open the 
(jlscusslon by aslclng them to tell yoii what they observed in 
their experiments. Li«t their observations on the board in a 
ptlace where you can keep it for the next day. The beglrfnlng 
of a list from a class might look like this: 

- The water made the sand move. ""^^^^ 

- When I dumped a lot of water In one ^j»t it mad^ a big 
hole. 

- When I tipped the little tray the water ran downhill 
.faster. 

- When the tray was flat the water stayed In puddles. 

«» * 

- When I put a whole lot of water on at once all the sand 
> slid off. 

The water ran tH/Streams and made rivers. 

Let the class add to the list until they think that fust about 
everything they Observed has been noted. 

Leave the list on the board for the next day's lesson. The 
stream tables should be left undisturbed for further observa- 
tion the next day. . ' -m ^ ' 
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Lesson 16: NATURAL EROSION 

' - ' This lesson is developed in three stages: 



1) The chirdren relatfe what they have observed in t^e stFeam • 
table activities to what they see in pictures showing, the* ef- 
fects of flowing water on landscapes> 

2) They discuss what factors' may have caused variety in 
erosion patterns in rtkture, drawing inferences from their ex^ 
perieijces with their strearfi tables. ^ 

3) They consider what they can use as*^a model to investigate 
^ome of the factors they think may have affected the erosion 
patterns. (The stream table wlH s^rve as their mo^Jel.) 

There are many different ways to, give children the experiences 
listed above. The lesson descrilfes one way to do this. You 
should-adjust the suggested procedure to suit the** needs of- 
^ ^ your clasi^, but keep in mind that as much as possible should* 
be^ieft to the-children's imagination and initiative. 

The term "erosion" should be intrbduced. Erosion is the wear- 
ing away of the land. In these activities we concentrate ort 
the moveiVisnt of soil by water. It is not necfessary for the chil- 
dren to use the term, but you should introduce and use it.*. 

OBJECTIVES * ^ ' ' ^ 

At the end of this lesson thV students should be able to: ^ 

- Relate the kinds ot patterns that they see on* their stream 
tables to pictures that show similar patterns and effects 
in natural landscapes. „ , - 

- Identify some parts of an erosion system as soil, incline 

> ' ^and water flow. ' ^ , 

- Work with the class to plan a suitable model of an erosion 
system that can be used to investigate factors affecting 
erosion. 

- Develop standards with the class for care of equipment'«nd 
then take the responsibility for maintaining their equipment.- 
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.Eicanples Qf..Er9sion 




MATERIALS 



3 or ? stream tables kept undisturbed from the da/ before 
fksheet '28 * ' • ' , ^ 




PREPAR^TFON 



. Look at the stream tables ^ept from the day before • S^^lect 
three or four that show different erosion patterns, s^(lf none 
are satisfactory, flow water from a* cup over several to create 
new effects that the children can use for observation and 
reference.) ' ^ • ^ 

Set the stream tables where -it will be convenient for the chil- 
dren to look at them. > 

r 

PROCEDURE 

Stage I ^ ^ ^ 

The day before, the children compiled a list of the observa- 
tions they made while working on the stream tablfes.« Have 
the list read out loud now. Then have the children* turn to 
Worksheet 28 and look at the pictures. Ask,. if they see things 
in the pictures that look similar to the effects they observed 
on their stream tables yesterday. Then ask them to describe 
what differences, if any, they observe between the erosion 
patterns' in the trays and thevpictures . 

" Next ask the children if they can describe the different ero- 
sion effects. They might note that some gullies are shallow 
and others have steep sides, or that some are more winding 
^and others are straighter. Li^st the erosion .effects as they^ 

. are described. (This Ust should be preserved.' You may want 
tccbpy it onto a piece of tagboaifd, leaving space after each 

,\item for additional information ^to be added 'later.) 
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Now as4<: the children to speculate about what they think could 
have caused the different erosion patterns iEi the pictures. In 
order to help them consider caUse and effect, encourage them 
to describe the things that^they did with their stream tables 
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and the results they got. Somfe of the different natural pat- / , 
terns in the pictures will^have direct relationships to the 
things th^t .they" observed on the s^^^eam tables. For example, 
some. children may havMeft the tray flat and others m^y^have 
slopfed'^it; they may notic<5 that some of J^he land in the pic- 
'tures appears to be steeper ,.^oo. The water flow may have- • 
been different — faster or slower, more or less^— on the dif- 
ferent stream tables; th6y may see. different natural effects ^. 
that might also be due tp different vJater'flow * 

List on. the boa,rd the kinds of things the children think might 
hcLve caused the differences in erosion effegts, (Encourage ^ 
the children to make general statements herc^about variable 
factom, |a-ther than detailed speculations about specific pic- 
tures .jLj^he list might inclu'de: 

- Water flow^ (faster or slov/er*, more.or Igss) • * . 

- Incline of ground (steep ,^ moderate or flat) . * . 
\ Kind of soil Jsandy,Vocky, etcj, * 

- Presence or absence of ground cover (grass , trees , 
shrubs). , ^ \ 

(You will note that in c6mpilihg this Yist^ the children are 
tentatively, identifying part^ o& an erosion system al- ^ 
though they have not been^ajsked specifically to do so.) . 

Stages ' ^ ' . * 

There rn^v other things on the list, some relevant and som^ 
irrelevant^ Ask the children what they cap do to find out which 
are really factors in erosion and which are not. 

-The children may suggest studying effects of erosion outdoors. 
-This activity'should be part of a thorough 'exploration. It, is , 
' presented later in this section as a fielcl trip. However, at 
this point help the children also* to think of some of the prob- 
lems involved in an outdoor inves^tigation, They might rjot 
be abl<to investigate some of the factors listed on the boap^. 
For exalnple, they wduldi>.'tbe able to decide when it is to 
rain -or how hard. They might be able to find only a moderate 
grassy slo/e when they^want to'check on a steep '^an^y on\3. 
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Ask if they can think of anything ihey' might do in the class- 
room to help them investigate^ the factors affecting erosion. 
This should lead them to Ipolc for a classroom model in which 
they can control the dtifefent factors. They should not have 
difficulty in seeing that the stream table, which they used for 
free activity the day before, is suitable for controlled experi- 
ments and ca-n be used as a model of the natural systeb. 

Have them:- discuss wa^^s in which they could experiment on 
" following days to test the list of things that might influence 
erosion patterns. Save the list for future reference*.* 

n-up^ / " ^ 



The children will have to pre^^are their stream tables each day 
to be ready for the*next day's experiments. Have them help 
make a l^st of clean-up procedures." The stream tables will 
* be usable\if they are still damp the next day but not if they , 
are soaking wet. ThePefore, the following should "be included 
on the list: ' ' - 

I) Drain off water still on the small tray. 
' 2) Empt^ wat6r from shoe box. ,^ . 

3) Spread. Sana eyenly*over^ tray to dry. ^ ^ • 

4) \. Keep ail equipment for .each stream table together. 
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Lesson 17: EXPERIMENTING WITH INCLINE 



/ The next four lessons will give the children opportunities to 
work with erosion systems. In each lesson they change one 
factor while Keeping the. others the same, to find out how 
each affects the total system. 

At the beginning of each day's activity the class will decide 
togetherTiow they will do the experiments. For instance, in 
this lesson they will decide that the factors to keep the same 
are the kind and amount of soil, and the water flow. Then 
they will decide how they wish to change the incline for ex- 
perimental purposes. Once they have establislieH the experi- 
mental procedures, they will get their own equipment and each 
pefir.will work independently. When they have finished the 
experiment for the day, they reco^^ the results pictorially or 
in writing, and then prepare their equipment for the next day's 
activities . 

Although the children decide to follow the same procedures, 
there will be soine variety in their actual methods of experi- 
mentation, giving variety in the results. Point out that these 
differences do not represent failure, but show how hard it is 
to control all factors in an experiment completely. 

^t 

The next three lessons have been designed to experiment 
with three parts of an erosion system — incline, water flow 
and soil. In Lesson 20 your class will have the chance to 
test other factors that they included in their list of things 
that might have caused differences in erosion effects. 

OBJECTIVE^ 

V At the end of this lesson the student should be able to: • 

— State and dcmons.trate that incline affects erosion. 

— Describe changes in erosion when the incline is varied. 

s 

MATERIALS 

— for each two children — 

- stream table equipnrent (shoe box, I lerge tray with notch, 

1 small tray contaljiing I cup of smoothed sand, I cup with 
hale/ I cup without hole, I cup of water) 

- one l-oz. plastic container 

/j 10 D 



— magnifit^rs 

- V/orksheets 29-34 



PROCEDURE 

In Units 23 and 25 the children set up controlled experiments 
in which all factors were held constant except one. They 
will need to proceed similarly in these activities. 

Review yesterday's lesson, in which the children established 
that the stream table could be used as a model to investigate 
erosion. They listed parts of the erosion system that might 
have caused differences in erosion effects, and discussed 
how to test the factors they listed. In the list they should 
- ^' have included incline, water flow and soil. 

Tell the children that the first thing they will investigate is 
how incline affects the erosion system. Ask them what things 
they would have to change and what things they would have 
to keep the same in order to investigate this question. List 
them on the board as the children tell them to you. The list 
may be organized this way: 



Things to change 
- incline ( 



(Leave space here.) 



Keep the same 

— sand 

(Everyone should use the same kind and about the same 
amount of sand. Eiach sand tray has about a cup of 
sand on it.) 

— water 

(Everyone should use about the same amount, no more 
than tv;a'cups. The water should be applied in the 
same way: Let it flow from a hole in a cup and hold 
the cup two ipohes above the sand.) ^ 

— stream table equipment 



After deciding which factors they will keep the same and de- 
termining hov7 this can be done, the children should discuss 
ways to vary the incline • They should use at least three 
settings, flat, medium and steep, and should. decide how 
each would be set up ^o that the angle of one medium incline 
has the same mag as all the other medium inclines. 

Return to the tirst part of the list on the board, and under 
"Things to Change" insert the experimental conditions as the 
children decide what they should be. ^ 

The list might read: 

Things to change - 
— incline 

A. flat 

(Have the small trayiying flat on top of the large 
one.)* 

B. medium 

(Set the end of the small tray to rest on the edge 
of the large one.) 

C. high 

(Put one end* of the small tray on afi inverted l-oz. 
plastic container.) 

When the children have decided how the incline is to be con- 
trolled 'they should draw pictures or write a description of 
each incline setting in the appropriate blanks on Worksheet 
29." 

Then the class should be divided into thirds. Each third is 
to investigate one of the three inclines. ^ 

•» 

Have the children write what incline they will be working . 
With in the box at the top of Worksheet 30. 

Briefly read through Worksheet 30 with the children so that 
they will understand what they are to do independently. 

First they are to read and follow the directions on Worksheet 
30. 
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>«TtlitWC up an exp«rliwnt to find oui ho« itwllfMr 
affe«:u ih* erosion cytiea* 



ThlniCK ;o ichanKtf 



'K^p^ 0^- Soil 



fell iHjfw each Incline 1» tet; 



tiKlln« A. 



Incline c '^f C[ f^^ ^ 

\ju^ ova 2^ I'frl^ cu-i 



iorkihect 30 
Unit 29^ 



Inct Ine 



Get your •treaa table tet up. 

Cheek to tee that you have everything: 

a. ahoe box* 

b. 1 large tray »lth notch 

* Sfi. 1 attall tray »lth aaoothed aand 
d. 1 cup »lth hole 

1 cup without hole 
e> i cup water 

r. 1 l-ounce plaatlc container 
t. Set up your atrewi table like thU: - 




2. Adjust the Incline of the aMll iand tray. 



Let one cup of water 
flow fron ttte hole. * 
The X ahowa where 
It ahould fall. 
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After the children have done their own ejcperiments they, 
should turn' to Worksheets 31 through 33. Each is to draw 
a picture of his experiment and write about it on the ap- 
propriate' worksheet. ^ 

Then the ^children should go to look at experiments done at" 
the two other incline settings and recor<iwhat they observe. 
Each student should make his own observations and record of 
the other experiments. The class wi]^ have a chance to dis- 
cuss what each hps seen after everyone has completed the 
assignment. 

When the children^ have finished observing and comparing the 
experiments, they should turn to Worksheet 34 and answer 
the questions / using pictures or words to tell what they think 
about the effect-of incline on erosion. They should base their 
conclusions on their direct observations. Worksheet 34 should 
be done by the pairs of children working together. 
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■orltfhMt 31 

Uilt » 



Accord your obc*rv«tlon»: 
IncUnt A 



TVie w a-ter vu-ostl 



4 



«nll 29 



Becord >our ob5Cr\i(lon«; 











•si 


^ 













1 Wp ^a^.Hf5 are W^eC 



forlube«t 32 .Vim. 
uric 29 



Record your otyervtl lont: 
Incline B 




U) ^shed 6^1^ \ \At"o the 



1»orkshect 34 
mil 29 



Ans*er In pictures Or %K>rds: 
1. Vhlch Incline 9ho»«tl the iMSt erosion? 



2. lfh'<ch Incline 5ho««d the lenni erosion? 



How did Incline *rrect the ero<t|on nyntem? 



lo ^5 . 
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Have the stream tables set somewhere at the side of the room, 
so they will not be a hindrance to the children's participating 
in a discussion. Give the children opportunities to share 
what they saw and tell how they think incline affects erosion. 

A general observation that the children will probably agree 
upon is that when there is a greater incline, there is more 
erosion — that is, more sand is moved from one place to 
another. ^ 

After numerous children have had opportunities to share their 
ideas, have the class follow the clean-up procedures' that 
they established the day before.^ The same equipment will 
be used in tomorrow's activities.. \ • 
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Lesson 18: EXPEmiENTING WITH WATER FLOW ^ 

In tnis lesson the children will keep the incline and soil type 
constant, and'wUl see what happens when the-^water flow is. 
varied. 

OBJECTIVES . ' • 

At the end of this lesson, the children should be able to: " y 

— ' State and demonstrate that water flojAr affects erosion. 

— Describe changes in erosion when water* flow is varied. 

' ik ' 

MATERIALS 

— cafeteria tray 

— for each two children — ^ ' 

— Stream table equipment * ^ 

— magnifiers 

— medicine droppers (optional) 

— Worksheets 35 through 37 - 
PROCEDURE 

The question to be investigated is, "How does water flow 
affect erosion?^?" 

Ast the children what they will nefed to keep the same and 
what they will need to change*in order to test the effec:t;s of 
the amount and flow of water. As in the previous lesson, list 
on the board the things to be changed and the things to be 
- kept the same as the children identify them. 

» 

Since wat^rflow is the part of the erosion system being 
tested, it will be the only thing that will change*. 

Then have the children decide which things sho.uld be kept the 
same. The amount of sand is one of these things-. (They 
should each have approximately one cup of sand.) 
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Incline is another thing they will need to keep the same. 
(Have the class decide which incline would give them the 
most interesting erosion patterns. They should think back to 
the results of the activities they did in Lesson 17. They will 
probably decide upon the medium or high slope.) 

They should also comment on the necessity for .everyone to 
use similar equipment. 

Then have the children suggest ways to vary the water flow. 
They may suggest things similar to the foUowlng; 

— Change the speed with which the water flows by making 
more than one hole in the cup or by making holes oJE differ- 
ent sizes. 

- Use a medicine dropper instead of the cup. 

— Vary the place ^yhe^e they put the water — In one spot, or 
moving around. - . ^ 

- Vary the force with which the water falls by holding the 
cup higher up or;- lower down." 

Make sure that everything on the list is tried by at least one 
pair of children. Each pair should select two ways to experi^ 
ment with water ahd write these ways in the blanks on the ^ 
bottom of Worksheet 35 . 

After they have established what things are to be kept the 
same and how they will vary the water flow^ have the cla^s 
write their experimental plans on V^orksheet 35. Then the 
children shoul^ get the materials and do their experiments 
following the instructions on V/orksheet 36. ^Results should 
be recorded x/n Worksheet 37. ^ 

When they have finished, have the children place their equip- 
ment at the side of the room before involving them in a class 
discu-ssiorl. Then list the children's comments on the board 
and give them a chance lo discuss and ccmpare their results 
Vith eacn other. A general conclusion that most of the chil- 
dren wili probably agree, to is' that wh^n^the water is*'f lowed 
fast ana tTiere is a lot of it, there is more erosioh — more 
sand is moved. But this is a ,good time for open-ended dis- 
cussion. Doij't try to tie the lesson into a neat package. 



lie- 
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Naae. 



£tS>crt»cntin(^ to/ind out how water fiqF ^rfectt 
erosion: 



Thlnun to Chaniie 



Keep the S* 



The Mys you will chanwe ««ter flow: 



Worksheet 36 
iMt 29 



1. Oct your ^trcAM table equipment* 

Ishor box, lar<c tray, rcmII tray ^Ith sand, 
I cupwtth hole, I cup without hole, water, 
I'-ouTice container, medicine dropper! 

I 

2. Set up your .^treon table. 

3. Adjust the slope of your 5m1 1 tray. 

4. Level your ^and. . 



5. Run water o%er the nand. 

Ise your flrat awthod on Worksheet 35. 
Record your re^ult^ on Worksheet 37» 



6 <>e\el vour ^and and drain off water. 



Ron water over the «and aitain. 

x^e yo'jr ticcofHj choice on Worksheet 35. 

Re«^rd your rriult^ on Worksheet 37 



Workaheet 37 

Unit 29 



Record Sheet 



Method 1 for Varying water flow. 



Vhat we obterved: 



Method 2 for varying water flow. 



What we ob«er%ed: 




How did witer flow affect eroalon? 



reel eroalon? l 



ic 
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There should be room for disagreement. Encourage the chil- 
dren to refer to experimental data and to use materials to 
illustrate points. 

It is quite possible to get different results from similar ex- 
periments when so many variables are affecting it. This is 
' an important part of what the children are learning. TKey will 
biD defining experimental procedures and refining their tech- 
niques as they move through the lessons. 

After the discussion have them follow the usual clean-up pro- 
cedures, but instead of spreading th^ir sand in their own 
trays, have them dump the sand into one large tray where it 
can be spread out to dry. They should rinse off their small 
trays. (For tomorrow's activities they will be using sand, 
soil and clay rather than only^ sand.) 



Lesson 19: EXPERIMENTING WITH DIFFERENT 50ILS 

^ : ^ :— . 

The children will experiment witn different kinds of soil to 
see what erosion patterns they 'get from each. Then they will 
combine more than one kind of sofl in op,e tray and see what 
happens • This lesson will take two <^/vs • 

OBJECTIVE ' / - ^ ^ - 

At the end of this lesson the children should be able to 
state and demonstrate that type of soil affects erosion 
patterns. 

iMATERIALS 

— Stream tables 

(You will need as many stream tables as you have kinds 
of soil from the list below J 

— soil (garden soil, sand, gravel, potting soil, natural 
clay) ■ . ^ 

— modeling clay 

' - Worksheets 38 and 39 



PROCEDURE 
Activity A 



Tell the children thgt the question they yiil investigate today 
is, "How does type of soil affect erosion? " So far all their 
. experiments have been with one kind Of soil — Sand • Ask 
them what other kinds of ground surface they have seen. List 
the kinds as the children tell them to you. 

different types of soil (i.e. , black soil, red soil) 

— clay 

~ stones or gravel 

— rock ' * 
^ — grass 

— asphalt ' • ' 

— concrete • . "« . 

V IID . ^' 

7- ■ ■> ' 




Remind the children thaj they have observed some erosion 
patterns in sand. Ask how they think water flowing over 
these other kinds of grgund would affect them. Do they think 
some would be eroded? Do they think some would not be 
eroded? Ask how they could find out. (They coulc^do experi- 
ments where the kind of soil is changed but everything else ■ 
rs kept the same.) . 

Ask the children what conditions they will need to keep the 
same, and list them on the board as they tell them to you. 

Keep the same ' 

- ^ slope < - * 
\(tJse medium or high slope.) . 

— water • * , ^ 

(Use any single method of application that produced 
some erosion before.) 

— method * . . " 
' (All are tqpXse the same procedure.) 

V . M ■ - ' . 

Have the children tell you what to vary in the experiment. _ ^ 
List them on the board. 

' Thi ngs .to change - , . 

- kind of soil. ^ ^ 

AsX the children to tell you how they could set up a demon- 
stration which would compare the erosion patterns in,different 
soils; (They could put one kind of soil on each tray and flow 
water over them.) - " " , 

Sand and modeling clay are provided in -the The modeling- 
clay is to be used as a substitute for rock or cement in makin?^ 
landscape models on the stream table. Try to pbtain or have 
children bring in garden soil, pbttinc^soil , gravel and sod. 
(Potting soil is generally much lighter weight than garden soil 
and may float off th6 tray when water is flowed"over it. This 
makes an interesting comparison for the children.) See if you 
can get a sample of clay from a river bank. Be sure that the 
children do not confuse this kind of soil with the modeling 
' clay,^ which is not a soil at all. 



# 
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Choose some children to set up one stream table for each 
type of soil or substance you will be testing / Then select . 
other children to flow the water over each stream table. Do 
this In a location where it lis convenient for the class to 
gather around. (When these trays are prepared, you should 
keep in mind" that it is easier, to handle soil when it is moist:) 

Have the children watch'the experiments and.^then describe 
and compare the erosion patterns in the different types of * 
soil or' substances. They should record theij observations 
on Worksheet 38. ' , , , 

When the' children get back to their seats / have them discuss 
their observations . The following are so^e things t-hey may 
notice: • ^ * ^ 

- None of the clay washes away or is moved by the water. 

— There are more and deeper gullies in the sand than in 
the soil. t 

* - Depending upon the fineness of the*gravel, it may or may 
not be washed away. 

\ , » ^ 

-Flave the children*follow'the established clean-up procedu^pes 

and remove the soil from the smalKtrays. 



torkihMt 38 

Unit 29 



How <lo«t type of toll affect erosion? 



' ThlnM to Change- 


KeVp the Snm 




fv,peof 
Soil 








« 





#b«* In each stripaii tible? 
that mrt the reaulta? 



© 



IH^ ^uuUVes, vidt as 



Kir of rv»u<t WA^Viftl 



® oeU-f-roi^ a- 
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Worknheet 39 

Unit 29 



Nanc. 



\Som possible ^conblnatl<^a of soil types: 




garden 
60U 




Draw you own coMblnatlon: 

Use a different color to show the eronlon pattern 
you expect. . 



Befor« 



Now flow vfter over* the tray. 
/^hom the erosion pattern you ^Id i^t. 




Activity B 



Qs'U attention to the fact that each tray^has had just pne kind 
of soil* on If. 'Ask the children how they think it -might affect 
the erosion patterns if thgpe were more' than one kind of soil | 
on one tray. Give»them an opportunity to share thair^ideas. 
Hgive them look. at Worksheet 39. Talk about whatt^hey think- 
would ha^^en if they flowed water' over trays that were like 
the drawings . ^ 



After they have given their ideas ; ask them if they think there 
ara any conditi6ns in nature which might be similar t6 these' ^ 
mixed tray^s rather than the trays that contain just one^ kind of 
.spilT Ask'^'them^'td tell about any i!Jlaces that they have ob- 
servecf vfhere 4:here are more than one kind of soil or ground 
cover, with ohe kind" touching' another kind. 

* * 
They^might mention; ^ ' 

- The playground, where part is soil and part gras-s ^nd ^ ' 
"part blacktop. Ask how. this would, affect erosion 

patterns;. > 

- Sandy beaches^ with woods behind them where the 
grplind is soil. » ^ ■ ^ 

* ~ A concrete path going through a grassy ar^a. 

Ask what the children*might use on. their Stream tables instead 
of cement qr blacktop.- (Modeling clay.;) Then tell the chil- 
-'dren that they are" going to be able to e^cperiment with different* 
icinds of materials on one tray. Ask them what things they 
will keep tlj.e* same' and list them on the board. ' 

Keep the same ^ * 

- slope , 

(Medium pr^higb.) 

' » • 

- . water _ • . ^ 

(Method of application should be the one they found 
most effective in Lesson 18 when they experimented 
with effects of different water flow J 

Have them look ^t some possible combinations of soil types 
on Worksheet 39 , and then design their own with their partners 



When they decide v;hat they will do they should draw a pic- 
ture of it on Worksheet 39 , gather the materials they, need, 
and set up a stream table. Then they^should predict what'the 
erosion patterns will be. Have them use pencil or crayon in 
another color to draw on Worksheet 39 what they think the 
tray will look like after they have flowed water over it. Ask 
them to think about the following' questions: 

• WHERE WILL THE DEEPEST GULLIES BE? 

WHAT DO YOU THINK WILL HAPPEN WHERE TWO KINDS 

- OF SOIL TOUCH EACH OTHER? " ' 

After preparing their setups and making the drawings of^their 
predictions , give the children an opportunity to look at every- 
one else's setups by walking quietly around the room to see 
wh'at t|ie other trays look like. 

Then hay? them return to their own setups and flow the water 
over the trays ,^using,the method they have agreed upon. 
They shouldrecord the results on Worksheet 39 by drawing 
an "after picture. 

Ha\;e the children place the stream tables in a place where 
the^class can walk past them and observe what happened to 
each. 

'Then have therft discuss their observations* List them on the 
board. 

They might mention some* of the following things: 

jl^/Noho of the clay washed away. * , 

- Theri^is a big guHybetween the clay and the sand' 

— There areihore gullies in the sand than there are in . 
cne soil. 

«^ * 

— The aand washed away more easily and the clay stayed^ 
in on%?pl9ce. * . - . 
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Haye them talk about their predictions and what the outcomes 
of the experiinents were. Ask them what predictions they 
would make for anothei time if they were to repeat the experi- 
ments* 

After this discussion have the children follow the established 
clean-up procedures and return each kind of soil to its appro- 
priate place. 





'Lesson 20: (Optional) TESTING OTHER FACTORS 



When the children first stated wHat factors they thought af- 
fected eros-ion, they may have included other parts in their 
system that>they have hot had an opportunity to test; This 
lesson offers an opportunity for the children to set up any 
other kinds of experiments that they would like, in order to 
find c * if other things should be considered part of the ero- 
sion system. 

If only a few children are interested in pursuing these activi- 
^ ties, an opportunity should be made for them to do so. 

MATERIALS 

— stream table equipment 

- Worksheets 40 and 4 I 

PROCEDURE 

The procedure here follows the pattern of previous lessons. 
' . ' The children will need to write down on Worksheet ^10 what - 
they will keep. the same and what they will vary, and how 
these conditions will be controlled. / ' 

Then they may proceed with their.experiments and record the 
results pictorially or in writing on Worksheet 4 I . 

Some children may want to experiment with things they have 
observed in the natural erosion system that haven't been a ^ 
part of their model. These might include: 

— trees . ' 

— grass covcririg part Df the land 

— other kinds of soil that were not availabje at school 
and that they would likfe to bring in 

— temperature 

— amount of sunlight 



•ork«h#et 40 

tnU H 



ExptrlBvnC to ie«t t 
on crofflon. 



he ef/ect of ^V^(>e Tatu f-e 



Ihlnf* to ChAfive 



Kc«p the Saae 



^terlaU yog »m fw^. tfl^ 6t<eCU^ 'fa.bleS 
Deacrlbe what you will rfn» ^St" I tOt U « 



1 va;iII XU.v\ V\or 
LO^i^gf orv Oift^ <:?oIX tjav^gr 



N«Be_ 



•orksheejt 4l 
Uilt 29 

Hecord Sheet 
Or«« ■ picture of what your vetup look* like. 
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Flow *««ter over your setup and record* the renulta. 




What did you learn fro« your experlaent? 

\J^o^A\ Hiivik it Makes ^ <Uffe <en(y 
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Lesson 21: FIELD TRIP 



This les.son relates what the children have observed on their 
stream table models to erosion phenomena in a natural set- 
ting. The ^ield trip^ should be taken quite soon after a rain. 

The children identify the factors that have influenced erosion 
on their stream tables and then discuss where similar condi- 
tions might be present near their school. "Phen they go out- 
side to find resu'ts of erosion and observe and discuss them. 
It is hoped that this lesson will help the child to relate his 
in-school experiences. to the world around him, and that there 
will be a transfer of his thinking'and understanding from the 

classroom to this larger context. ^ . - ' 

^ ?• " 

OBJECTIVES ' 

At the end of this lesson, the children should be able: 

— To identify some effects„ of erosion oytside. 

— To identify that slope, soil typ^e and water flow affect ero- 
sion patterns in a natural setting as well as oji their stream 
tables . , 

— To discuss the impiieations of erosion for the ways that 
man interacts V7ith the land. ^ " 

MATERIALS 

>. 

— popsicle sticks and bright yarn (to mark places where 
there is evidence of erosion) 

PREPARATION - • > 

Before you take your class on the field trip it is necessary for 
you to scout the area carefully. This will enable you to help 
the children set realistic expectations about what they might 
possibly find when they go out. You may want to mark places 
along a trail ahead of time, and then take the children along 
that trail to make observations of each of the erosion features 
you have marked. Or you may want to have the children fan 
out in pairs to mark their own discoveries of erosion features. 

127 



It is often apDropriate to combine these two approaches, so 
that there are some things ready for children who have diffi- 
culty finding what they came out to see. 

* 

Your immediate community is iound to provide many examples 
of erosion, (See Living Things in Field and Classroom , p, 112, 
for a number of"examples of erosion in an urban environment. 
Other examples were shown in this unit on Worksheet 28.) 
Look tor eroded banks on freeways, excavation sites or poorly^ 
kept lawns. Check under a downspout for effects of heavy 
water flow., ;Look along edges of broken sidewalk to'^see if 
soil under it has washed away. In a sandy area, look for 
puddles and splash patterns after a rain. Note the absence 
of erosion in grassy areas and on asphalt or concrete. 

Tell the children that in the beginning of this section when 
we talked about ways to observe erosion, and when we set 
up a model of an erosion system that we coulfl control, we had 
talked about going outdoors to study erosion. But we decided 
that it woiild be difficult to control some of the factors that 
we wanted to study, so we experimented with a mod^l first. 
Now that we have had opportunities to work with some of 
these factors,: what kinds of things could we look for if we 
did go outside? 

' — Puddles . 

- Gullies . 

- Piles of soil or sand that have been carried from one 
place to another by water. 

- Places where there is no erosion. (What are the condi- 
tions where there isn't any apparent erosion? What is 
protecting 'the soil from being washed away?) 

Many of the effects to be found after a rain will be on a very 
small scale. Erosion* is a gradual wearing-away process. 
The children should notice that it doesn't happen all at once, 
and they should be told that it may take many years to produce 
dramatic results. 

Before going out, ask the children, "When we worked with 
the model erosion system, what did we decide affected ero- 
sion? " They should recall: 
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— Incline'. (There should be more erosion where it's . , 
steeper.) 0 

— "^Kind of soil.^ (Some eroded much more easily than 

others.) 

— Plow of water. (A faster flow washes away more soil.) 

The children's discussion should bring out that other things- 
besides incline, soil and water flow might influence erosion. 

— Ground cover is one of these other factors. (Gra'ss, 
trees, bushes all help to hold the soil.) * ^ 

— Other forces besides water may move soil. (The chil-. 
dren.may see evidence of erosion by wind.) 

Ask the children ^to describe some of the places near the 
school whpre they woulc' have at least one of the conditions 
named above. 

As the children suggest places that they would like to look at 
in the school yard and .neighborhood, list them on the board. 

Each child should know exactly what he is going to l^k for 
when' he goes outside-. Children need to understand tne ex- 
pectations. They can work in pairs as they have done through- 
out the unit. Give each pair of children some markers that 
they can use to show where they have found evidence of ero- 
sion. .(These could be popsicle sticks with pieces of bright 
yarn on' them to stick into the ground near what they think is 
an effect of erosion.) If the conditions permit, the children 
could spread out, find what they are looking for and lea^^e 
markers. Then when you blow a whistle they should gather 
in one spot from which the whole class will walk from place 
to place to see what the others have found. 

If you have marked places along a trail ahead of time, take 
the children along the same trail to make observations about 
each of the erosion features that you have marked. 

After making observations outdoors , it is probably best to 
return to the classroom where the whole class will be able to 
hear and participate in a brief discussion. The purpose of^ 
this discussion is to allow the children to share their obser- 
vations and think about erosion in general and man's role in 
it. You might open the discussion by asking the children to: 
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- Tell the class about what erosion effects they observed. 

- Relate what they saw what they have observed on 
their stream tables . 

- Tell where they saw the most erosion and the least ero- 
sion. (For each, a^k what their evidence was J 

- Tell where they saw specifically how incline,, soil type, 
or water flow affected erosion. 

The following questions should be useful in extending the 
discussion and helping the children make generalizations: 

- DO YOU THINK THAT EROSION IS USEFUL. OR HARMFUL 
TO MAN? 

- ARE THERE WAYS THAT MAN CAUSES THE LAND TO 
ERODE A GREAT DEAL? 

- WHAT DO- YOU SUPPOSE THE FARMER HAS TO^ WATCH 
• OUT FOR? 

- ARE THERE ANYWAYS THAT EROSION CAN BE PREVENTED 

- WHA.T HAPPENS TO SOIL THAT IS WASHED AWAY IN 
EROSION? 

- WWAT QUESTIONS WOULD YOU LIKE TO ASK ABOUT 
EROSION? 

Some children may want to investigate questions similar to 
the above by looking in books and, magazines or by making 
special reports. They may wish to investigate man's effects 
upon land and how this relates to' erosion. This provides an 
opportunity to integrate science and sGcial studies. The next 
lessonaDutlines some experiments that follow up on the socio- 
logical questions raised. 

Tell the children that they will have another chance later to 
experiment in the classroom with some of the ideas they have 
discussed. 
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son 22: MAN AND EROSION 

In this lesson the children discuss factors that foster erosion 
and factors that prevent erosion. They look at pictures show- 
ing techniques that have been used to control erosion. 

^ Then they build b ^nodel landscape 4n which they try to make 
areas where erosion will occur and areas where erosion will 
not occur. They predict what the erosion patterns will be by 
' drawing a picture of the model landscape showing the paths 

that they think flowing water will take and where soil will be 
washe.d away. Then they flow water ovdr it to test their pre- 
dictions. 

You may organize the activities in different ways. The entii;fg 
class may plan one model landscape together or you may hay^ ^ 
three or four groups in. the class each make a model landscape, 
or each pair of children may make one. 

The interest of the class,, the availability of materials and the 
ways in which your children wOrk most effectively will influence 
your deci'sion. 

OBJECTIVES 

During the lesson the children should: 



— Demonstrate that they understand enough about erosion to 

consider the factors which affect it. 

•> 

— Set up a model controlling those factors, so that erosion 
will be present in part of the landscape .and not present in 
Part of it. 

— Discuss which factors in natural erosion can be controlled, 
and how man might, effectively deal with incline, direction 
of water flow, kind of soil, and presence of ground cover. 

— Discuss examples of erosion in their own community, 
MATERIALS 

Some of these can be brought by the children: 

— sand , » 

* 

— garden soil 

6x. 
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— 'so'd 

- seed (radish, grass) 

— small twigs ' 

- gravel * 

— rocks ^ 

•I. 

— stream table equipment 

- cafeteria trays or large cake pans 

- Worksheets 42 and 43 



:fROCEDURE 
l^ctivity A 



X. 



Have the children look at the pictures on Worksheet 4-2 that 
show techniques that have been used to control erosion (con- 
tour plowing to control water flow; terracing to" control incline; 
damming to control water flow; planting to hold the soil.) Ask* 
if any of these techniques could have been useful to prevent 
the erosion that they saw on their field trip. 
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Tell the children that now they are going to apply the many 
different kinds of experiences thej^ had as the/ learned about 
erosjon. They are going to build some model landscapes in 
which they will make areas that they want to erode and areas . 
%hat they dori t want to erode • Thejj know many things about 
erosion which' will influence th^ decia^ns they make about' 
how each of these areas should be sdl Op, 

In areas wi^ere the children 'do not want erosion ±o occur they 
can control it| in many ways and should discuss what some of 
these ways 'are before they proceed. 

Their list mayj inplude: 

— selection of soil ^ 

— incline 

> 

— planting ground cover 

— sod 

The children will think of many ingenious ways to set up their 
landscapes and use materials in interesting and appropriate 
ways. 

Once the activity has been introduced to the children. you can 
ask them to" bring materials from home that they would like to 
use. Some children may volunteer to bring a supply of mate- 
rials that will be sufficient for the number of landscapes that 
the class has decided to mc^ke. \ 

If the children decide th^t they want growing things on their 
landscapes they will need to wait to test the landscapes^for 
erosion patterns until the seeds have sprouted. Radish seeds 
germinate' in about three days; grass seed^ germinate in seven 
to ten days,) Then they can test their predictions by flowing 
water over the landscape. 

Have them plan and set up their landscapes. They will find 
it much easier if they work with moistened sand and v/ater, 
and.plaiit seeds at the same time. Otherwise "watering" the 
dry sand, soli / etc, will cause some destruction of their 
setup right away. 

The landscape planted with seeds must be kept moist and 
covered lightly with plastic until the seeds have germinated 
well. 
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Draw your aodel landscape. 
Sho* iih«r« you think ihv i*4ter *ni flow« 




^ (({(((] 



4 

d 00 



V Show whet happened after you ran water over your 
-landacape. 




Activity B 

Before the children flow water 
over their landscapes, theyo 
* should draw pictures of them ^ 

on Worksheet 43 and show 
' where^they think the water 
will\run.and form gullies. 
They may-write predictions * 
under the pictures. Then they 
should flow water over the ^ 
, landscape and draw an "after" 
picture to show what happened, 
(If they have planted seeds for*^ 
ground cover, they must wait 
until the seeds sprout.) 

After the children have com- 
pleted the activity, they 
should look at all the land- 
scapes, make obse^rvations - ^ 
and discuss therp. 

You may want to use some of these questions to guid^ the 
discussion: « 

- WHAT KINDS OF THINGS WORKED BEST IN CONTROJ.LING 
EROSION IN YOUR LANDSCAPE? r ^ 

- WHICH THINGS WORKED DIFFERENTLY FROM HOW YQU 
THOUGHT THEY WOULD OR MADE DIFFERENT PATTERNS . 
THAN YOU'-WECTED? ! . ■ . 

/ • 

■ ■ - WERE THEBE PLACES WHERE tAERE WASN'T ANY EROSION 
EVEN THOUGH YOU HAD PLANNED FOR SOME? WHY DO 
YOU THINK THAT IT iSlDN'T ERODE AS"YOU HAD EX- 
PECTED? ' " ■ 
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TELL WHAT YOU DID AND WHAT THE RESULTS WERE. - 

Return to the subject introduced at the end of the last lesson 
and continue the discussion of how man Interacts with nature. 
Encourage the children to continue independentjeading and 
observation on erosidn control. The chlldren^c^ld look for 
effects of erosion in the community and difScuss what the , 
community is doing about them." - / 



/ 
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